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HOMING OF LAYSAN ALBATROSSES 


By KARL W. KENYON and DALE W. RICE 


While conducting studies of Laysan Albatrosses (Diomedea immutabilis) on Mid- 
way Atoll in 1957, we had opportunities to test their homing ability. Rapid transporta- 
tion to distant points was provided by navy aircraft using the Midway Islands Naval 
Station as a refueling stop during trans-Pacific flights. So far as we know, no homing 
experiments have previously been reported for any species of albatross. 

This study was made possible through the interest and cooperation of the officers and 
men of the following United States Navy Patrol Squadrons: VP-6, VP-46, and VP-50. 
Particular acknowledgment is made to Cdr. R. J. Beaudine, Lt. (jg) N. E. Cochran, Cdr. 
W. D. Harrington, Lt. Cdr. C. M. Imming, and Lt. E. W. Van Reeth. Their attention to 
the birds during flight and their reports of essential information at the time of release 
were invaluable. Capt. S. W. Betts, United States Fleet Weather Central, contributed 
valuable weather analysis. Dr. Frank Richardson and Mr. Chandler S. Robbins assisted 
in obtaining data for us. 

The homing ability of pelagic birds has been demonstrated by a number of experi- 
ments. The most notable of these involved a Manx Shearwater (Puffinus pufiinus) which 
was transported 3200 miles from the island of Skokholm, Wales, to Boston, Massachu- 
setts. It returned to its nest on Skokholm in twelve and one-half days (Mazzeo, Auk, 70, 
1953:200-201). 


METHODS 


Eighteen Laysan Albatrosses captured on Sand Island, Midway Atoll, were trans- 
ported by air and liberated at six points around the North Pacific Ocean. All were of 
undetermined sex and were taken while on eggs or newly-hatched young, most of which 
survived the temporary absence of one parent. The birds were removed from their nests 
one or two hours before plane departure. Each was banded with a United States Fish 
and Wildlife Service numbered aluminum band that bore a distinctively shaped and 
colored polyethylene plastic tag. An additional distinctive mark was made on the white 
body plumage of each bird with DuPont red alcohol-soluble dye. These marks facili- 
tated the recognition of the birds when they returned to their nesting territories. 

In the first shipment, two birds were placed in each large fiber box. Of six thus 
shipped, five returned. The sixth bird received a broken wing as a result of a fight with 
its box-mate; this injured bird is not mentioned in the accompanying table. Following 
this occurrence, birds were shipped separately in fiber box containers 20X16 16 inches. 
For ventilation a small window, covered with hardware cloth, was cut into one side, and 
numerous small holes were punched in the remaining three sides. All birds shipped in 
these containers were reportedly liberated in satisfactory condition. 

The albatrosses taken to Japan and to Hawaii were carried on Navy P2V Neptune 
bombers and were released on land. All others were transported in Navy P5M Marlin 
seaplanes and were released on the water. The elapsed time between capture at Midway 
and release at Kwajalein was 11 hours; at Guam, 34 hours; at Sangley Point, 60 hours; 
at Iwakuni, 78 hours; at Barbers Point, 11 hours; and at Whidby Island, 105 hours. 


[3] 
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Since albatrosses are capable of long periods of fasting, no food or water was provided 
while in transit. 
Following release, the nest sites were checked several times daily for returned birds. 


Most of the return times are accurate to within a few hours; in several cases, the actual 
arrival was observed. 
RESULTS 


Of the eighteen birds released at distant points, fourteen returned to their nests. The 
places of release, distances travelled, lapsed time, and the average daily speeds of these 
birds are summarized in table 1. The greatest distance was covered by the bird which 
returned from Sangley Point, Philippine Islands, a rhumb line distance of 4120 statute 
miles. The fastest return was from Whidby Island, Washington, 3200 statute miles away, 
in 10.1 days, at an average speed of 317 miles per day. 


Table 1 


Homing of Laysan Albatrosses to Sand Island, Midway Atoll, in 1957 


Band no. Locality Date Time? Date Time miles enroute per day 
597-38008 Marshall Ids. Jan. 26 5:50p.m. Feb.4 6:15 p.m. 1665 9.0 185 
597-38009 Jan. 26 5:50p.m.  Feb.3 2:00 p.m. 1665 7.9 211 
597-38010 Jan. 26 5:50p.m. Feb.5 12:00 p.m. 1665 9.8 170 
597-38011 Jan. 26 5:50p.m. Feb. 4 6:15 p.m. 1665 9.0 185 
597-38023 Jan. 29 6:00am. Feb.10 12:24p.m. 1665 12.3 135 
597-38020 Marianas Ids. Jan. 30 4:00a.m. Feb.18 6:30pm. 2625 19.6 134 
597-38021 Luzon, P.I. Jan. 31 6:00a.m. Mar.4 8:00 a.m. 4120 Sad 128 
597-38028 Japan Feb.15 12:30p.m. 

597-38029 Feb.15  12:30p.m. 

597-38030 Feb.15 12:30pm. Apr.16 8:20 a.m. 3075 59.8 51 
597-38031 Washington Feb. 23 3:00 p.m. 

597-38032 Feb. 23 3:00 p.m. 

597-38033 Feb. 23 3:00p.m. Mar.7 6:10p.m. 3200 12.1 264 
597-38034 Feb. 23 3:00p.m. Mar.5 6:00p.m. 3200 10.1 317 
597-38035 Oahu Feb. 25 4:30p.m. Apr. 10 7:00 p.m. 1315 44.1 30 
597-38036 Feb. 25 4:30p.m. Mar.9 12:00p.m. 1315 11.8 111 
597-38037 Feb. 25 4:30p.m. May8 10:00 a.m. 1315 vise 18 
597-38038 Feb. 25 4:30p.m. Mar.4 6:00 p.m. 1315 va 185 


1 Dates and times given are Midway Time (Greenwich Time minus 11 hours). 


It appears that the homing instinct is stronger during the incubation stage than after 
the young have hatched. The minimum return speed for birds shipped away while incu- 
bation was in progress (prior to February 1) was 128 miles per day, and all birds re- 
turned. Although two of the birds sent to Whidby Island, Washington, returned most 
rapidly, the majority of birds sent after the eggs had hatched (after February 1) were 
slow in returning and averaged as low as 18 miles per day from places as near as Barbers 
Point, Oahu. Only seven out of 11 birds in this latter group were known to have returned. 
However, it is possible that some of the birds which had young in the nest arrived several 
days prior to the recorded date and returned to sea before being observed. A parent 
albatross may come ashore, feed its nestling, and return to sea within 20 minutes. 

Of the four birds which failed to return, only one has been accounted for. The alba- 
tross bearing band number 597-38031, released at Whidby Island, Washington, was 
recovered 20 miles inland on the Fraser River, British Columbia, on the day following 
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its release. It was said to have been seriously injured, evidently as a result of the high 
winds which prevailed on that day and on the previous day. 


DISCUSSION 


Although no birds were sent beyond the equator or beyond the rim of the North 
Pacific Ocean, several were sent to areas outside of the known range of the Laysan 
Albatross. We have found no specific record to indicate occurrence of this species south 
of about 15° north latitude. Kwajalein Atoll is about 9° north latitude, and all five birds 
released there returned rapidly. 

Information is not available to indicate that albatrosses occur in the Philippine Sea. 
The only bird liberated in this area, at Sangley Point near Manila, journeyed through 
the South China Sea and the Philippine Sea before re-entering the North Pacific Ocean 
proper at a place that was still some distance from the usual range of the species. 

Likewise, Laysan Albatrosses have seldom been recorded near the Washington coast 
(Kenyon, Condor, 52, 1950:97-103) and they have never been found within the Strait 
of Juan de Fuca, which extends nearly 100 miles from the point of release to the sea. 

Ten Laysan Albatrosses banded on Midway Atoll have been recovered at sea. Two 
of these were recovered in the eastern Pacific, and eight were recovered in the western 
Pacific (table 2). Even between shifts during incubation, these birds apparently travel 


Table 2 
Pelagic Recoveries of Laysan Albatrosses Banded at Midway Atoll 


Banded Recovered 
Band no. Age Date Locality Date Locality 
36-814925 nestling July, 1937 Sand Island Dec. 12, 1937 36°00’N, Off Kingkasan, 
147°00'E Honshu, Japan 


37-713309 adult Nov. 25, 1938 Feb. 25, 1951 29°50’'N, Halfway between Mid- 
157°40’E way and Japan 
39-716243 adult Dec. 26, 1939 Apr. 8, 1956 36°00’N, Halfway between Seattle 
142°10'W__ and Honolulu 
40-735702 nestling July 10, 1948 Jan. 6, 1949 32°20’N, Off Japan 
157°20'E 
41-724259 adult June, 1946 Sept. 7, 1948 59°20’N, 15 miles west of Mid- 
146°50’'W __ dleton Island, Alaska 
44-725254 nestling July 3, 1949 Jan. 9, 1951 36°50’N, Off Japan 
144°00'E 
527-00045 nestling June 17, 1951 Eastern Island Dec. 11, 1951 37°10’'N, Off Japan 
149°00’E 


587-51729 adult Dec. 3, 1956 Sand Island Dec. 26, 1956 42°30’'N, Off Kushiro, Hokkaido, 
144°00°E = Japan 


597-36122 adult Nov. 22, 1956 Mar. 3, 1957 31°45’N, Halfway between Mid- 
159°05’E way and Japan 

587-52502 adult Jan. 28, 1957 May 2, 1957 40°17’N, Off Honshu, Japan 
147°05’E 


great distances. One banded on the nest on December 3, 1956, was recovered 23 days 
later over 2000 miles away off Hokkaido, Japan. The abundance of small fishing vessels 
off Japan increases the probability of albatrosses being taken there. Unlike Black-footed 
Albatrosses (Diomedea nigripes), Laysan Albatrosses do not habitually follow ships or 
congregate about them. They are therefore infrequently seen at sea in spite of their 
greater total population. More data on their pelagic distribution are needed (see Bailey, 
Museum Pictorial, Denver Mus. Nat. Hist., 6, 1952:1-80). It is perhaps significant 
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that some of the birds released near the periphery of their known range made better 
time than those released where the species has not been recorded. 

The rapid return of two of the birds released at Whidby Island, Washington, be- 
comes increasingly interesting when viewed in conjunction with meteorological condi- 
tions in the North Pacific between February 23 and March 7. In this period, low pres- 
sure areas moving from west to east created many headwinds along the most direct route 
between Whidby Island and Midway Atoll. If the birds had flown into the face of such 
winds, their progress would have been slow. However, if after reaching the sea, the birds 
had swung southwest until they were approximately halfway to Midway, then north to 
the vicinity of the Aleutian Islands, then west to a point almost due north of Midway 
before heading south, they would have had an average 5 knot component of wind 
toward Midway (S. W. Betts, letter, June 1, 1957). Knowing the meandering, soaring 
nature of albatross flight at sea, the two birds undoubtedly covered far more than 3000 
miles in the course of their homeward flight, and they must have done so in a nearly 
continuous manner without aimless wandering. 

The birds returning from Manila and from Whidby Island presumably came home 
indirectly. They probably threaded their ways, to begin with, through strange waters 

‘dotted with islands, and finally returned over vast stretches of open sea through shift- 
ing wind conditions to their mid-Pacific nesting ground. The birds released at Whidby 
Island may have deviated considerably from the great circle route in order to utilize 
optimum wind conditions. Although the routes by which the released albatrosses re- 
turned to Midway are a matter of conjecture, we believe that some of the birds may have 
travelled through weather conditions which obscured the sky; and if they utilized opti- 
mum wind conditions, their routes were not necessarily direct. We suggest that existing 
theories of bird navigation do not fully explain their homing behavior. 


SUMMARY 


Eighteen adult Laysan Albatrosses were removed from their nests on Sand Island, 
Midway Atoll, and sent by air to distant parts of the North Pacific Ocean. Localities of 
release were: Kwajalein, Marshall Islands; Guam, Marianas Islands; Luzon, Philippine 
Islands; Honshu, Japan; Oahu, Hawaiian Islands; and Whidby Island, Washington. 
Fourteen birds, representing all six localities, subsequently returned to their nests. The 
bird covering the greatest distance returned from the Philippine Islands, 4120 statute 
miles in approximately 32 days. The most rapid return was accomplished by a bird 
liberated at Whidby Island, Washington, which covered a rhumb line distance of 3200 
miles in 10.1 days at an average speed of 317 miles per day. 


United States Fish and Wildlife Service, Seattle, Washington, and San Francisco, 
California, September 19, 1957. 











Jan., 1958 7 


THE BIOLOGY OF THE CLIFF SWALLOW IN CALIFORNIA 
By WILBUR W. MAYHEW 


An investigation of the biology of the Cliff Swallow (Petrochelidon pyrrhonota) was 
conducted in California from 1949 through 1956. The most extensive work was done in 
1950, 1952, 1953, and 1954. As these birds are present in this area only in the nesting 
season, the work necessarily has been limited to this period of the life cycle. Circum- 
stances have arisen which necessitate the discontinuance of the investigation along the 
lines previously used. Therefore, it seems advisable to report the general findings of the 
study at this time. 

ACKNOWLEDGMENTS 


Acknowledgments are gratefully made to William K. Kirsher and the late Paul H. 
Steele. Without their untiring efforts since 1951, this investigation could not have been 
conducted on nearly so large a scale. The data obtained on the Sacramento Valley study 
area in 1955 and 1956 were gathered entirely by them. Many people have assisted in the 
field at various times, but especial thanks are due to Sidney S. Sutherland, Jr., Dwight 
Finfrock, Celeste Kirsher, and Betty Mayhew. I also wish to thank Fred Nunn for per- 
mission to use figure 1, the publishers of Time Magazine and their photographer, Murray 
Garrett, for use of figures 5 and 7, and Kenneth Middleham for figure 6. In addition, 
I would like to express my appreciation to Dr. Alden H. Miller and Dr. Warren J. Gross 
for their constructive comments on portions of the manuscript and to Dr. Irwin M. 
Newell for his many helpful suggestions concerning the construction of artificial Cliff 
Swallow nests. Thanks are also due John B. Cowan for net material, Elizabeth Frost for 
drawing the figures, and Shirley Woods for typing the manuscript. 


MATERIALS AND METHODS 


Trapping and banding —A large part of the work involved banding as many birds 
as possible for subsequent recapture. A technique was devised which proved highly suc- 
cessful for capturing large numbers of birds and as many as 1000 were obtained in a 
single operation. They were caught at night at the nesting sites with the aid of nets and 
flashlights. Two fish nets of one-half inch mesh, each 30 feet long by 20 feet wide, were 
used to cover the open ends of the culverts and bridges that are used as nesting sites in 
central California. With the aid of head flashlights, the birds were flushed from their 
nests (fig. 1) and captured by hand while they were clinging to the nets that blocked their 
escape (fig. 2). No young birds were captured unless they were old enough to fly from 
the nest at night and cling to the nets. The birds were placed in collecting cages as they 
were caught and they were then banded and immediately released. 

The same procedure also was tried in daylight, but trapping efficiency was so low 
that this was discontinued in favor of night operations. In addition, by trapping at night, 
it was possible to handle effectively sites that could not be trapped at all in daylight: 
Figure 3 shows one of the colonies that could be completely sealed off with the nets, 
permitting almost 100 per cent trapping efficiency at night. Moreover, there were 
some rather long bridges that could be trapped only at night. The nets were moved 
from section to section of the long bridges as the birds were removed from the preceding 
sections. This technique could not be used on moon-lit nights at these large bridges be- 
cause the birds flushed from their nests readily and could easily find their way past the 
nets. On dark nights, however, this procedure was quite effective. In spite of the noise 
produced by our operations, the birds in sections of the bridge not yet trapped would 
rarely flush until the nets were dropped over their section. They could even then easily 
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Fig. 1. When nets are dropped into position, birds flush from nests and briefly fly about within 
the colony. Photograph by Fred Nunn. 


evade capture by flying parallel with the long axis of the bridge and escaping around 
the ends of the nets. Nevertheless, the majority would tend to fly directly at our lights, 
making capture relatively simple. 

Birds were banded in 61 colonies (see fig. 4) in Yolo, Sutter, Placer, Solano, Sacra- 
mento, and El Dorado counties in the Sacramento Valley, in three colonies in Stanislaus 
County in the San Joaquin Valley, and one colony in Riverside County in the San Ber- 
nardino Valley. Six colonies in Douglas County, Nevada, also were sampled. The ma- 
jority of the information to be presented was obtained from the recaptured birds. Table 1 
summarizes the capture data, by years, for all the birds that were handled in the course 
of the investigation. 

Sexing adults —For much of the information that was desired in this study, it was 
necessary to be able to sex the birds without sacrificing them. However, it appeared to 
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Fig. 2. Birds cling to the nets that b)ock their escape a jew 
moments after they leave nests. 


Table 1 


Capture Data for All Cliff Swallows Handled 


Year 

1949 1950 1951 1952 1953 1954 1955 1956 Total 
Colonies trapped 5 16 6 43 40* 11 5 3 71* 
Adults banded 191 784 236 7249 4476* 1815 607 570 15928* 
Young banded 12 230 104 978 442 39 91 180 2076 
Total banded 203 1014 340 8227 4918* 1854 698 750 18004* 
Repeats’ 8 173 0 1718 912 343 126 219 3499 
Returns” 0 49 17 251 2526 1450 658 658 5609 
Total recaptured 8 222 17 1969 3438 1793 784 877 9108 
Total caught 211 1236 357 10196 8356* 3647 1482 1627 27112* 





* Includes 611 birds banded in 6 colonies in Douglas County, Nevada. 
1A recapture made in the same breeding season. 
2 A recapture made in a later breeding season. 


be impossible to determine the sex of the adults on the basis of gross morphological dif- 
ferences. Dr. A. H. Miller (personal communication) said he was unable to detect any 
measurable characteristic that showed a constant sexual difference. He suggested, on 
the basis of the work done by Bailey (1952), that perhaps the presence of a brood, or 
incubation, patch could be used as a means of separating the sexes. Bailey (op. cit.:128) 
had reported the Cliff Swallow as one of the species in which he had found brood patches 
on females but not on males. Bailey (personal communication) stated that his sample 
of Cliff Swallows was too small to state positively that only females of this species pos- 
cess a brood patch, but he felt it was true. Thus, to check further this condition, 60 
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Fig. 3. A colony that can be completely sealed for trapping. Note net hanging in operational 
position. 





Fig. 4. Black dots represent colonies most intensively trapped in Sacramento Valley study area. 
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adults (32 males, 28 females) were collected and autopsied in the breeding season (April 
4 to June 27). No male collected possessed a brood patch, whereas all but two of the 
females had a brood patch. Both of these females were collected early in April, and they 
may not have yet reached breeding condition. Therefore, the presence or absence of a 
brood patch was used to sex the adults from about the middle of April until the first 
week of June, since brood patches were most numerous and best developed in this period. 





Fig. 5. Artificial Cliff Swallow nest under construction. Note completed nest at right. 
Photograph by Murray Garrett. 


However, this criterion was not relied upon during the remainder of the season. Thus, 
the sex of birds which were not handled in the period from mid-April to the first week 
in June is listed as unknown, unless a well-developed brood patch was present. 

An attempt was made to use the cloacal protuberance of males, as described by 
Wolfson (1952:160), to aid in separating the sexes. However, this did not prove to be 
successful in the present study. Whether it was due to the lack of a well-defined pro- 
tuberance in this species or to the inability of the investigators to identify such a struc- 
ture in the beam of a flashlight is not known. 

Artificial nests —In 1955 and 1956, birds in the San Bernardino Valley of southern 
California (parts of Riverside and San Bernardino counties) have yielded additional 
observational data. Much of the information obtained in this region was acquired with 
the aid of artificial nests. A Cliff Swallow nest, which was being used by English Spar- 
rows (Passer domesticus), was covered with Blue Diamond casting plaster. After two 
applications of plaster, the outer surface was covered with varnish. Then the entire nest 
was removed from the wall of the building, and the mud of the nest washed out of the 
plaster mold. Additional plaster was added to the inside of the mold to reduce the inside 
dimensions to those of the normal nest interior. 

The plaster mold then was filled with liquid latex, allowed to set for about 10 min- 
utes, and the excess latex was poured out. This left a thin sheet of latex over the entire 
interior of the mold. When the remaining latex in the plaster mold hardened completely, 
it was removed. The exterior of the latex mold was an exact duplication of the interior 
of the plaster mold. The latex mold then was placed upside down on a flat surface and 
covered with about % inch of wet casting plaster in the manner one would frost a cake 
(fig. 5). Casting plaster proved to be better than plaster of Paris for nests because it 
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Fig. 6. Experimental colony composed of artificial swallow nests. The interior of each nest 
is accessible from above (see fig. 7). Photograph by Kenneth Middleham. 


did not set as rapidly. A circular piece of cardboard, the diameter of the opening of a 
natural swallow’s nest, was placed at the location of the bird’s entrance to the nest. This 
made certain that this area would remain free of plaster. The cardboard was removed 
when the nest was almost dry, leaving a smooth, round opening through which the swal- 
lows would be able to gain access to the nest. When the plaster had completely hardened 
(about 15 minutes required), the flexible latex mold was stripped from inside the arti- 
ficial nest. The exterior of the artificial nest was relatively smooth, rather than rough- 
ened like a natural nest. However, the dimensions and shape were identical with those 
of the original nest. 

Ten nests were made on the latex mold, and they were covered inside and out with 
a coat of mud. These nests then were mounted on a rack made of two 1 X 12-inch boards 
6 feet long which were nailed to each other at right angles along their greatest length. 
An additional board 18 inches wide was added later as an extension to the roof to give 
the nests more of an eave (fig. 6). Each nest was mounted to the backboard of the rack 
by means of a piece of galvanized wire attached to a screw on each side of the nest. A 
hole 3 inches in diameter was cut in the roof board directly above the cavity of each 
nest. Each of these holes was filled with the 3-inch plug taken from the hole, to which 
was nailed a piece of wood 4 inches square (fig. 7). This made a snug-fitting lid for each 
nest that shut out the light, but it allowed the observer easy access to each nest interior 
from above. The rack was supported by ropes which held it against the overhang on the 
second floor of Webber Hall on the Riverside campus of the University of California. 
The interior of each nest could be examined with ease by an observer standing on the 
roof of the building and removing the nest doors from above. 


HABITAT 


Emlen (1954:17) reported that the requirements for a Cliff Swallow colony are: 
(1) an open area for foraging, (2) a vertical object, preferably with an overhang, for 
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Fig. 7. Observation doors above artificial nests open to permit inspection of nest interiors. 
Photograph by Murray Garrett. 


nest attachment, and (3) a supply of mud of the proper consistency for nest building. 
In addition to these, Grinnell and Miller (1944:280) list another requisite: some 
smooth-surfaced fresh water for drinking. 

The Sacramento Valley is blessed with an abundance of these necessities. The land 
is very flat and there are wide expanses of open fields of various types (rice, wheat, bar- 
ley, and others) that are ideal for foraging. Many bridges and culverts are present that 
cross gullies and dirt-lined irrigation ditches. These ditches have become quite common 
in the area in recent years due to the large acreage of rice that is now grown in the region. 
Almost every colony of swallows that we found in the Sacramento Valley was located 
beneath a bridge or culvert, although Emlen (1941:248) reported 15 colonies in this 
area which were on buildings. Spring rainfall, plus irrigation water, in the ditches during 
the nesting season, provides sufficient mud and drinking water for the birds. 

Although superficially the San Joaquin Valley appears to be just as ideal for Cliff 
Swallows, relatively few colonies were found there. The texture of the soil is much more 
sandy in the area studied in this valley, which may partly explain the lack of nests, but 
this is by no means certain. 

On the other hand, although these swallows are fairly common in the portion of the 
San Bernardino Valley investigated, the vast majority of the nests are under the eaves 
of buildings. Most of the nests are attached to single family homes, but a fairly sizable 
colony (approximately 200 birds) utilizes buildings on the Riverside campus of the 
University of California. Bridges and culverts appear to be nearly as common as in the 
Sacramento Valley, but they are almost completely ignored by Cliff Swallows. Rarely 
have more than five nests been found under any bridge, no matter how large. The only. 
significant colony located under a bridge was found over a permanent stream. Observa- 
tions have been made in this area for only two seasons, hence sufficient data are not 
available as yet to determine the real reason for this, but it appears that the following 
may be a partial explanation. As this entire region is reclaimed desert or semi-desert, 
the amount of rainfall is rather small, especially when compared with that of central 
California, and the rains generally occur before the swallows arrive. Thus, the gullies 
beneath the bridges and culverts are dry when the birds are looking for mud. How- 
ever, plenty of mud is available near dwellings where lawns and gardens are watered 
frequently. 
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ARRIVAL OF BIRDS 


In Cliff Swallows there apparently is considerable diversity in the time of departure 
from the wintering areas in South America, at least near Buenos Aires, Argentina. Hud- 
son (in Sclater and Hudson, 1888:30) stated that “they do not seem to be as regular in 
their movements as other Swallows here; some years I have observed them passing singly 
or in small parties during the entire hot season: usually they begin to appear, flying 
north, in February; but in some years not until after the middle of March... . I have 
known them to continue passing till April, after all the summer migrants had left us... .” 

Therefore, it is not surprising that the date of the first spring arrival of these birds 
in California has been variously reported by different authors. For example, Willett 
(1933:114) told of seeing birds in Los Angeles on February 15, while Gross (in Bent, 
1942:483) stated that the earliest arrival in California was February 26 at Los Angeles. 
Grinnell and Wythe (1927:127) indicated that these birds generally arrived in the San 
Jose area about the first week in March, whereas Grinnell and Linsdale (1936:87) told 
of seeing them in the Point Lobos region for the first time on March 28. On the other 
hand, Grinnell and Miller (1944:278) reported that the dates of arrival and departure 
are greatly variable with year and locality, but in general these birds arrive in California 
in mid-March. 

Some variations in the time of arrival of other species of North American hirundines 
have been reported, as by Allen and Nice (1952:608 ff) in Purple Martins (Progne subis) 
and by Peterson (1955:238 ff) in Bank Swallows (Riparia riparia). Edson (1942:5; 
1943:396) has shown that there is a great deal of variation in arrival dates of Violet- 
green Swallows (Tachycineta thalassina) . In the course of this investigation considerable 
variation has been found in the time of arrival of birds from one year to the next at a 
given colony. Figure 8 shows examples of the variation in the time of arrival that oc- 
curred at some of the colonies. Unfortunately, a close check on the time of arrival at 
all colonies each year was impossible. 

A possible explanation for variation in arrival time is readily apparent. These birds 
feed almost exclusively on flying insects, and they are not able to survive in a region 
when it is so cold that no flying insects are available. Therefore, temperature would 
seem to play an important role in governing the time of arrival at the colony sites. No 
insect counts correlated with temperature were obtained in the course of this study to 
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Fig. 8. Extreme dates for first arrival of Cliff Swallows at some representative colonies. Legend: 
3 =5 mi. E Folsom, Sacramento County; F =7 mi. S Sacramento, Sacramento County; 
14 = 4.5 mi. SE Florin, Sacramento County; 16 = 1 mi. N Elk Grove, Sacramento County ; 
P =4 mi. W Davis, Yolo County; Z = 2 mi. NE Davis, Yolo County; UCR = University 
of California campus, Riverside, Riverside County; K =7 mi. W Davis, Yolo County; 
G =6 mi. NW Davis, Yolo County; R=5 mi. NW Davis, Yolo County; J =7 mi. W 
Davis, Yolo County. 
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support this statement. However, Glick (1939:94), working in the southern United 
States, found the number of insects in the air during the day increased sharply when 
the air temperature rose above 55°F. Freeman (1945:144), from his work in England, 
likewise showed that the density of the population and the total number of species of 
insects increased with rise in temperature over a range from 43° to 83°F. For example, 
all species of some groups of insects were taken only when the temperature was above 
61°F. Both of these investigators stated that temperature is considered one of the most 
important meteorological factors controlling flight of insects. 

The four most abundant orders of insects collected during the day below 1000 feet 
by Glick (op. cit.) were Diptera, Coleoptera, Hymenoptera, and Hemiptera (Homop- 
tera), in that order. He found that Hemiptera were most numerous when the tempera- 
ture of the air ranged from 70° to 79°F., Coleoptera and Diptera from 75° to 79°F., 
and Hymenoptera from 85° to 89°F.; thus fairly high temperatures are necessary before 
any of these groups becomes very abundant. Beal (1918:7 ff) reported that the most 
numerous food items found in the stomachs of 375 Cliff Swallows, collected from March 
to September, belonged to the insect orders Hymenoptera, Coleoptera, Hemiptera, and 
Diptera, in that order; these are the same major groups reported by Glick (op. cit.). 
This would indicate that temperature indeed would play an important role in determin- 
ing the presence or absence of food for Cliff Swallows. 

Allen and Nice (op. cit.), in their investigation of Purple Martins, and Peterson 
(op. cit.), in his study of Bank Swallows, showed a correlation of time of arrival of 
the birds with mean temperatures. However, it is believed that mean temperatures have 
little value, since this is not the condition experiencd by the birds. Rather, it is felt that 
the extremes of temperature to which the birds and their food supply are actually ex- 
posed should be the ones under consideration. Therefore, in the present study, daily 
maximum temperatures are used. 

Figure 9 shows the maximum daily temperatures for early spring recorded at the 
Sacramento office of the United States Weather Bureau and the time of arrival of the 
first birds on the major study area in 1952, 1953, and 1954. Admittedly, temperatures 
taken at the weather station will not be exactly the same as those at the individual col- 
onies, but they will be of the same order of magnitude. Also, the temperature is measured 
a number of feet above the ground, which is where the birds feed, and where Glick (op. 
cit.) and Freeman (op. cit.) made their observations. In addition, the city of Sacra- 
mento is centrally located in relation to most of the colonies studied in the Sacramento 
Valley. 

In each case, the birds arrived during, or just after, a few days of relatively warm 
weather (above 60°F.). As shown in figure 9 there were two definite times of arrival in 
1952. The first arrival was noted at only two colonies in El] Dorado County. This date 
was followed by an extensive period of relatively cool weather. The majority of the col- 
onies observed that year did not have any birds until the second date indicated in fig- 
ure 9, at which time nearly every colony under observation was occupied. It would be 
interesting to know whether the few birds that had reached the two colonies on the 
earlier date remained at those colonies during the colder weather or whether they moved 
to some other area. Based on observations made in southern California, it is felt that 
they probably moved out during this period, since this has been found to occur in periods 
of inclement weather before the nests are completed. However, Kimball (1889:338), in 
his work in Illinois, reported dead Cliff Swallows in nearly every nest during a spring 
when a prolonged cold period occurred after the birds arrived. At any rate, instead of 
having a slow but steady influx of birds at the colonies, as usually occurred at the be- 
ginning of the season, there were large numbers of birds at each of the colonies within 
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Fig. 9. Maximum daily temperatures recorded by Sacramento office of United States Weather Bureau. 
Arrows indicate dates first Cliff Swallows were seen on study area. 

Fig. 10. Rate at which banded birds (both yearlings and returnees) are recaptured for the first time 
in subsequent breeding seasons compared with newcomers. Results are based on 181 yearlings, 
3489 returnees, and 4376 newcomers caught at the same colonies involved in table 4. 


24 hours of the first arrivals. Therefore, although this scant bit of evidence is far from 
conclusive, it tends to indicate that the birds generally arrive after food becomes 
available. 

It is more difficult to attempt to explain the variation in time of arrival at different 
colonies in the same year. The dates of first arrivals at different colonies in the Sacra- 
mento Valley range, for example, from March 1 to April 22 in 1952. This year showed 
the greatest variability, but the same phenomenon was exhibited in the other years to 
a lesser degree. In one case, the first birds arrived at a culvert on March 26, but none 
occupied a culvert 200 yards away until April 22, at which time there were only six 
birds present. More amazing, the second culvert appeared to human eyes to be much 
superior for Cliff Swallow nesting. There was no apparent decrease in the nesting popu- 
lation in the first culvert, so it was not merely a shift in the local population. Each of 
these culverts eventually contained approximately 200 nesting birds that year. At pres- 
ent no information is available to explain this great diversity in arrival time at different 


colonies. 
PAIR FORMATION 


The data available at present essentially agree with those of Emlen (1954:25) in 
regard to pair formation. It appears that some of the birds are paired either before they 
arrive at the nesting colony or they become paired immediately upon arrival. On the 
day of arrival, many of the old nests are occupied and actively defended by two birds. 
The urge to defend the nests is strong in these birds in the morning, but it decreases 
perceptibly in the afternoon. So far it has not been possible to tell what percentage of 
the population of a colony is paired at this time. However, it is felt that most birds are 
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paired very shortly after arriving in this region. By using new techniques that are being 
developed in conjunction with artificial nests, it is expected that more information on 
this point will be forthcoming. 

Present evidence indicates that new pairs are formed each year. A series of nests was 
numbered so that individual birds could be identified with a given nest. On 25 occasions 
both members of a pair have been captured and banded at a numbered nest. In none 
of the five instances where these birds have been caught subsequently in succeeding 
years have both members of the pair been taken together. Unfortunately, this sample is 
quite small, due to the difficulty of accurately identifying two birds with a particular 
nest at the time of capture. Nevertheless, even this small sample indicates that the birds 
probably do not form the same pairs in succeeding years except by chance. 

The pairing bond may not be as strong in Cliff Swallows as it is in some other species 
of birds. For example, Forbush (1929:147) reported that E. O. Grant saw three Cliff 
Swallows build a nest together, and all took turns incubating the eggs (he thought they 
were two males and one female). Brewster (1906:301) occasionally found three birds 
in nests he examined, and he stated that he believed there is good reason to suspect these 
birds sometimes practice polygamy or polyandry. 

Some evidence was obtained in this investigation to indicate that all pairs may not 
remain together for an entire nesting season. From the numbered nests, it was found 
that the majority of pairs recaptured remained together throughout the breeding season. 
However, there were some cases where three birds were captured from a nest in a single 
season, but never more than two birds were captured at a time. Originally it was thought 
that one member of the pair had died and been replaced. This may have been true in 
these instances, but judging from more recent information, this is not necessarily true. 
A more detailed discussion of this follows. 


VAGRANCY AND HOMING 


As Farner (1945:84) stated, a great deal of data has been accumulated relating to 
the return of swallows to their birthplaces, and several references have been found that 
deal with movements of these birds between breeding colonies (Uchida, 1932; Stoner, 
1941; Bergstrom, 1951; Allen and Nice, 1952; Chapman, 1955; Kirsher, 1957). How- 
ever, there seems to be relatively little information on the movements of swallows be- 
tween colonies in a single breeding season. For example, Robertson (1926:244) reported 
two nestling Cliff Swallows captured five days following banding about 4 mile from the 
original site. Wharton (1952:30) told of two adult female Tree Swallows (Jridoprocne 
bicolor) being recaptured at locations about 20 miles from the banding sites. In the case 
of one of these birds, both of the captures were made in the same breeding season. Berg- 
strom (1951:60) enumerated three instances where adult Bank Swallows were recap- 
tured three miles from the banding site in the same year they were banded. 

The data obtained in the present study indicate that membership in a breeding 
colony of Cliff Swallows may not be as stable as previously assumed. Although most 
recaptured adults were caught at the original banding sites, many birds were found to 
change colonies in a single breeding season. A recapture that is made in the same breed- 
ing season is called a repeat. Table 2 shows that a small percentage of these repeats 
have been taken at locations other than the previous trapping sites. The term vagrancy 
is being used to describe this situation. The proportion of vagrants each year was ap- 
proximately the same. The greater number of female vagrants is highly significant 
statistically. 

As the birds are captured at night, it is assumed that the banding site is the summer 
home of the individuals captured. Most vagrant birds joined colonies that were from 
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one to five miles from the original nesting sites. The longest movement noted to date has 
been approximately 25 airline miles. The most notably vagrant birds found thus far 
have been two females that were captured three times in one season, each time at a dif- 


ferent site. 
Table 2 
Vagrants Compared with All Repeats 


Per cent of 


Males Females Sex unknown Total vagrants 
Repeats 1493 1629 377 3499 
Vagrants 111 175 18 304 9 


Microscopic examination of the testes of two vagrant males collected revealed all 
stages in the formation of gametes from spermatogonia to mature spermatozoa, corre- 
sponding to stage 7 of Blanchard (1941:55). Thus, they appeared to be potentially 
breeding birds. Likewise, the well-developed incubation patches on the female vagrants 
examined indicated that they were potential breeders as well. 

At first, when an effort was made to try to interpret these results, it was felt that 
the night banding operations might have caused birds to change colonies. This possi- 
bility still cannot be ruled out completely. However, more recent work tends to discredit 
this explanation. For example, some birds have been captured as many as ten times over 
a five-year period without causing them to desert the original colony. Also, several hom- 
ing experiments have shown that many of the transplanted birds have a strong attach- 
ment to a particular nesting site. These particular homing experiments were planned to 
determine whether the birds could find their way back to their nests the morning after 
their release at the trapping site. They were not designed to study the phenomenon of 
homing per se. It was felt that perhaps, since the birds were in the dark several hours 
after their release, they might be unable to find their way back to the nest site if they 
happened to have wandered into unknown territory. 

Homing experiments.—Only two previous homing experiments with North American 
swallows have been noted in the literature. Gillespie (1934:44) released the same adult 
male Rough-winged Swallow (Stelgidopteryx ruficollis) on successive occasions at 4 
miles, 7 miles, and 32.8 miles from the nest site. Each time the bird returned to its nest 
within a matter of a few hours. Stoner (1937:18-19) released an adult Bank Swallow 
three miles from its nest in a light rain, and it was found in the same nest the following 
day. 

For most of the present experiments, birds were captured at night and carried in 
covered collecting cages to the release point. Most birds were held in these cages until 
the following morning, but some that were released near Davis, Yolo County, California, 
were freed the same night they were captured. Birds taken to Minden, Douglas County, 
Nevada, were caught in daylight and released the same day they were captured. All 
birds in each experiment were released in a group. 

A relatively small number of birds was involved in each of the releases shown in 
table 3. In the three Davis releases, the percentage that returned was approximately the 
same whether the birds were released in daylight or in the dark. The greatest differences 
recorded here, namely 39 per cent and 57 per cent, are not statistically significant at the 
5 per cent level. (The 5 per cent level of significance has been used in all statistical 
calculations. ) 

Even greater obstacles did not prevent some birds from returning to their nesting 
sites. For instance, birds were taken from the Sacramento Valley over the crest of the 
Sierra Nevada to Minden, Nevada, and released. The lowest pass through the mountains 
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Table 3 


Results of Homing Experiments 


Site of Folsom, Clarksville, Clarksville, Clarksville, Riego, Riego, 
capture Sacramento El Dorado El Dorado El Dorado Placer Co., Placer Co., 
Co., Calif. Co.,Calif. Co., Calif. Co.,Calif. Calif. Calif. 
Site of Davis, Davis, Davis, Minden, Berkeley, Farallon 
release Yolo Co., Yolo Co., Yolo Co., Douglas Co., Alameda Co., Islands 
Calif. Calif. Calif. Nev. Calif. 

Distance 
(miles) 40 45 45 70 85 115 
Date and 
time of Apr. 5 Mar. 31 Mar. 26 June 2 May 24 May 24 
release Day Day Night Day Day Day 
Number birds 
released 18 49 28 10 19 19 
Number returned 
same year 7 25 16 3 7 3 
Per cent returned 
same year 39 51 57 30 37 16 
Additional birds 
recaptured in 
other years 3 7 3 5 4 
Total number 
returned 10 32 19 3 12 7 
Tota) per cent 
returned 56 65 68 30 63 37 
Number homing 
birds returned 
after experi- 
ments for: 

1 year 6 15 6 6 3 

2 years 1 5 ene 2 

3 years 1 4 1 

4 years 1 soe 


available to them was 7382 feet above sea level. However, three of these birds were back 
at the banding sites four days later. They probably arrived sooner, but we were unable 
to return to the colony earlier. None of the other birds taken on this trip has been 
recaptured. 

A number of birds was caught at one colony in the Sacramento Valley, divided into 
two equal groups, and released the following morning. One group was released in Berke- 
ley, Alameda County, California; the other group was released on the Farallon Islands, 
about 25 miles off the coast of California near San Francisco. Although a greater per- 
centage returned from Berkeley than from the Farallon Islands, the difference is not 
statistically significant. Two of the birds released in Berkeley were recaptured at their 
nests within 17 hours of their release. They probably arrived earlier than this, but it 
was impractical to trap them earlier. 

None of the transplanted birds in any experiment has been recaptured at the point 
of release, even though some of the birds were released at frequently trapped colonies. 
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Thus, although it is possible that a bird may wander about for the remainder of the night 
after its release at a banding site, it is capable of finding its way back to its nest when 
daylight returns. 

Discussion.—Rarely are more than 50 per cent of the birds recaptured on subse- 
quent trips to a colony in the same breeding season. At first glance, this might be con- 
sidered sufficient reason to view the trapping methods as the causative factor of this 
phenomenon. However, there appears to be an influx of unbanded adults into colonies 
that have been trapped several times in the same breeding season, which could not be 


Table 4 


Comparison of Number of Recaptured to Newly Captured Adults in Successive Trapping Attempts 


Number Number newly 
1952 Trapping Date recaptured captured 

1 mi. W Clarksville, Ist mar. 30- sine 344 
El Dorado Co. 2nd May 23 164 347 
3rd June 14 225 54 

5 mi. E Folsom, 1st a 112 
Sacramento Co. 2nd May 24 54 67 

3 mi. SE Folsom, 1st Ate 0 Cet 145 
Sacramento Co. 2nd June 8 69 182 

3 mi. NE Riego, ist May8 —_ nanan 638 
Placer Co. 2nd June 6 143 112 

7 mi. W Davis, 1st Mier.29 =  xesbes 81 
Yolo Co. 2nd Apr. 22 56 117 

1953 

1 mi. W Clarksville, 1st Meer2G 0 8  Kesess 182 
El Dorado Co. 2nd Apr. 17 88 324 
3rd June 6 362 236 

5 mi. E Folsom, ist SOME ee Cag 121 
Sacramento Co. 2nd May 22 90 148 
3rd July 3 100 8 

3 mi. SE Folsom, 1st Mar. 22 fox 94 
Sacramento Co. 2nd May 22 56 185 

3 mi. NE Riego, 1st Ao24 =  § sere 654 
Placer Co. 2nd June 16 192 26 


the fault of the capturing technique. Table 4 shows examples of this over a two-year 
period at five optimum colonies. These colonies are so situated that the number of birds 
escaping is virtually nil. Therefore, these additional birds must have joined the colonies 
between trapping attempts. The evidence from other colonies is not as good, because 
many of the sites cannot be completely sealed. Nevertheless, the indications are that 
this influx of birds occurs at all the sites. It may be argued that these additional birds 
came from a non-breeding reservoir and that they moved into the colony because of 
available space created by the removal or voluntary departure of earlier birds. For ex- 
ample, Emlen (1952:195; 1954:26) stated that he believed many of the Cliff Swallows 
that he called raiders may be non-nesting birds. Nero (1956:140), speaking of Red- 
winged Blackbirds (Agelaius phoeniceus) in Wisconsin, said that “territory-seeking 
males appear commonly on the breeding area throughout the season.” The presence of 
a non-breeding reservoir (especially males) has been reported for many species of breed- 
ing birds in a Maine spruce-fir forest by Stewart and Aldrich (1951), and by Hensley 
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and Cope (1951). Nevertheless, several species studied in the Maine forest showed little 
or no increase in number of birds on the study area in the course of the investigations. 
If it is argued that the trapping operations in this investigation created available terri- 
tory for the late arrivals by causing earlier birds to depart, what created this available 
territory for the banded vagrants that moved to previously untrapped colonies? In 10 
co!onies that never had been trapped before, a total of 197 previously banded birds were 
recaptured. Although some of these birds were recaptured for the first time that season, 
many were repeats of birds trapped earlier in the same season at other colonies. 

The species of birds studied in Wisconsin (Nero, op. cit.) and in Maine (Stewart 
and Aldrich, op. cit.; Hensley and Cope, op. cit.) required relatively large territories 
for nesting, whereas Cliff Swallow territories consist of only the nest site. There was 
quite a bit of variation in the number of nests in a colony from year to year, but there 
was still space for nests, even at the end of the breeding season, in the great majority 
of colonies every year. This means that these additional birds did not have to wait for 
the removal or departure of earlier arrivals before being able to nest themselves. It was 
found that these new adults usually were approximately evenly divided as to males and 
females. Thus, these birds apparently did not have to wait until earlier pairs were broken 
by death, or other means, before being able to acquire a mate. Therefore, it is felt that 
these birds either are late arrivals from the wintering area (see Sclater and Hudson, 
1888:30), or that they are vagrants of the type described previously. 


NEST CONSTRUCTION 


Nest construction has been described extensively by Emlen (1954:17 ff), so it will 
not be discussed at length here. In addition it has been found, from numbered nests and 
marked birds, that Cliff Swallows normally do not return to the same nest each year. 
So far, only one bird has been taken from the same nest in two successive years. In some 
colonies in which there are several sections to the bridge, the great majority of birds have 
been observed to nest in one or two sections one year and in other sections the following 
year. This often occurs even though many old nests are still available. Apparently when 
a bird uses the same nest again, it is purely on the basis of chance and is not done inten- 
tionally. This does not mean, however, that old nests normally are not used, because 
actually this practice is very common. 

It also has been determined that the birds do not spend the night at the nesting 
colony until the nests are almost completed. This is not particularly noticeable in col- 
onies where many old nests of previous years are still present, because the majority of 
these nests usually will be occupied almost as soon as the birds arrive. It is very evident, 
however, in colonies that have lost all the old nests in the course of the winter. Such a 
colony may be bustling with nest-building activity during the day, but birds will not be 
found there at night until their nests are nearly ready for eggs. 

There are several cases on record of Cliff Swallows converting the nests of other birds 
for their own use. For instance, Carpenter (1918:90) described these birds using Bank 
Swallow nests, Whittle (1922:214) observed them using Robin (Turdus migratorius) 
nests, and Reed (1927:110) saw them convert a Phoebe (Sayornis phoebe) nest. Good- 
sell (1919:175) reported Cliff and Barn swallows (Hirundo rustica) using the old foun- 
dations of one another’s nests. The author has seen a pair of Cliff Swallows occupy an 
old Barn Swallow nest and change it into a typical Cliff Swallow nest. 

On the other hand, there are many instances of other species using Cliff Swallow 
nests. For example, numerous authors, among them Brewster (1906:300), Forbush 
(1929:145), Burleigh (1930:48), Herman (1935:137), Grinnell (1937:207), and 
Sooter, Bennington, and Daniels (1954:309), have reported English Sparrows occupy- 
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ing Cliff Swallow nests, in so doing often driving out the rightful owners. Sibley and 
Hemphill (1940:224) saw a Plain Titmouse (Parus inornatus) use a Cliff Swallow nest. 
A. H. Miller reports a similar instance involving the Chestnut-backed Chickadee (Parus 
rufescens). Sooter, Bennington, and Daniels (of. cit.) listed the Say Phoebe (Sayornis 
saya) aS a species seen using a nest of the Cliff Swallow. Shepardson (1915:101) de- 
scribed House Finches (Carpodacus mexicanus) using nests of this species, as well as 
apparently parasitizing a nest containing Cliff Swallow eggs. Friedmann (1929:234; 
1931:63) told of Cowbirds (Molothrus ater) parasitizing this species, and Stoner (1939: 
221) reported one instance in which a pair of Cliff Swallows was parasitized by English 
Sparrows. In addition, the present author has observed English Sparrows, House 
Finches, and Bewick Wrens (Thryomanes bewicki) successfully reproducing in artificial 
Cliff Swallow nests described earlier. 

Nests of Cliff Swallows are used by some species during the winter, according to 
Sooter, Bennington, and Daniels (op. cit.). They have noted Rosy Finches (Leucosticte 
tephrocotis), Black Rosy Finches (Leucosticte atrata), and Canyon Wrens (Catherpes 
mexicanus) using Cliff Swallow nests in Colorado. Recently, Kirsher (1957:3—4) has 
reported finding several Say Phoebes and one Sparrow Hawk (Falco sparverius) using 
Cliff Swallow nests in winter and a Screech Owl (Otus asio) sitting (in the day time) in 
a partly completed Cliff Swallow nest in the breeding season. 

Also, several species have been seen nesting in close proximity to Cliff Swallows, even 
though neither was using the nests of the other. For instance, Coues (1878:434—435) 
saw Cliff Swallows building nests among the outer sticks of a Great Blue Heron (Ardea 
herodias) nest, and others constructed nests near that of a Prairie Falcon (Falco mexi- 
canus). Herman (op. cit.) has found Eastern Bluebirds (Sialia sialis) nesting in a Cliff 
Swallow colony. McCanne (1936:84) and Goodsell (op. cit.) both reported Barn and 
Cliff swallows nesting at the same site. Bailey (1907:169), Skinner (1933:241), and 
Pitelka (1944:34) have all seen White-throated Swifts (Aéronautes saxatalis) nesting 
with colonies of Cliff Swallows. In the course of the present investigation, Black Phoebes 
(Sayornis nigricans), English Sparrows, and Barn Swallows have been found nesting 
with colonies of Cliff Swallows, and several Red-shafted Flickers (Colaptes cafer) have 
been found roosting at night under the bridges and culverts used by Cliff Swallows for 
nesting (see Kirsher, op. cit.). 

Grinnell, Dixon, and Linsdale (1930:292) indicated that the Cliff Swallows some- 
times use nesting sites alternately. A few examples of this were observed in the course 
of the present investigation. In one instance, a colony had birds in 1950, but none was 
found there at any time after that date. However, no check was made on this colony 
after 1954. In another instance, birds were captured in a colony in 1949 and 1950. In 
the breeding seasons of 1951 and 1952 the site was unused, but birds were captured again 
at this colony in 1953. Although every bird in this rather small colony was captured at 
the time, no banded birds were in the group. In still another case, a colony that was 
known to have contained no birds, at least since 1948, was occupied in 1953. 

Grinnell, Dixon, and Linsdale (of. cit.:293) thought it possible that this alternate 
use of nesting sites is due to an over-abundance of ectoparasites in the nest. However, 
it is rather hard to attribute alternation to that cause in the present case, since all the 
old nests were destroyed by winter rains in the two cases where the colonies were not 
used in subsequent years. 


EGG-LAYING, INCUBATION, AND BROODING 


Apparently there is a good deal of variation in the time eggs are laid in central Cali- 
fornia, both within a colony and between colonies. On several occasions, eggs under- 
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going incubation were found in colonies that also possessed flying young. Likewise, some 
colonies had large numbers of young in the air while the majority of nests in other col- 
onies in the study area had newly completed clutches of eggs. Gross (in Bent, 1942:484) 
lists 109 egg records from California, ranging from April 27 to July 5. In the present 
study, eggs have been found in nests from April 5 to July 3, with the majority being 
found from about April 20 to the end of May. 

On the other hand, Myres (1957:314) has reported that the Cliff Swallows he studied 
in British Columbia laid their eggs in any one colony in a very short period of time. 
However, the largest colony he investigated contained only 54 nests, which would be a 
rather small colony in the study area currently under discussion. Therefore, it appears 
likely that each of his colonies was occupied by a single wave of migrants, which would 
be expected to nest at about the same time. In the larger colonies studied in central 
California the nesting sites are occupied in successive waves; birds arrive at these col- 
onies over an extended period of time. These differences may be due not only to the size 
of colonies studied but also to the fact that fewer waves of migrants may reach the more 
northerly areas. This could explain the differences in the results obtained. 

Grinnell, Dixon, and Linsdale (1930:292) reported that Cliff Swallows in the eastern 
Great Basin portion of northern California nest nearly one month later than those that 
live in the northern Sacramento Valley of this state. My investigations show that the 
same general difference prevails between the southern Sacramento Valley and the Great 
Basin area near Minden, Douglas County, Nevada. On June 2, 1953, the majority of 
nests in that area of Nevada contained incomplete clutches, and no young were found 
in any nest..On this same day, however, in the Sacramento Valley, several young birds 
were captured that were already flying, and a large number of flying young was banded 
in the Sacramento Valley four nights later. Grinnell, Dixon, and Linsdale (op. cit.) 
believed it probable that this was due to a greater amount of food for the young becom- 
ing available earlier in the western region. This explanation seems reasonable when one 
considers the difference in temperature between these regions at that time of year. 

Gross (in Bent, op. cit.:474) stated that the number of eggs in a clutch varies from 
3 to 6, with 4 or 5 being the usual number. Storer (1927:106), reporting on observa~- 
tions made in central California, found 5 young and 1 egg in one nest, and 3 young and 
2 eggs in another nest. However, most of the nests he investigated possessed from 2 to 
4 eggs each. Rarely were more than 4 eggs found in any nest in the course of the present 
investigation, and often only 3 were found. It is felt that 3 to 4 eggs per clutch is the 
normal condition in this area. Recently Myres (op. cit.:313 ff) has shown that early 
clutches contain the larger number of eggs (4 or 5), whereas later clutches usually con- 
tain only 3 eggs. He found the average clutch size ranged from 3.6 to 3.9 eggs. From 
observations made in artificial nests, it was found that the eggs are laid on consecutive 
days until the clutch is completed. This has been confirmed by Myres (op. cit.:313), 
and other investigators have found that the same situation exists in other species of 
hirundines. 

Brood patches were seen on females from April 3 to July 3, but as stated earlier, they 
were most numerous and best developed from about the middle of April until the first 
week in June. It was not determined whether males assisted with incubation. However, 
both members of a pair were almost always found in the nest at night. 

Gross (in Bent, op. cit.:474) stated that the incubation period for Cliff Swallows is 
from 12 to 14 days in length, which is the same as that reported by Burns (1915:286). 
Myres (op. cit.:311) gave 14 days as the incubation period but stated that 13 days may 
be more accurate. Gross (im Bent, op. cit.) observed one nest in which the time from the 
laying of the last egg to the hatching of the first young was 13 days. However, the meas- 
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urement of incubation time used in this study is that recommended by Nice (1953:81) 
and others, namely “counting the time from the laying of the last egg to the hatching of 
the last egg, when all eggs hatch.” No complete records of incubation time were made 
in the Sacramento Valley. However, with the aid of artificial nests, it was found that 
16 days elapsed between the time the last egg was laid and the last egg hatched. This 
was true for both clutches that were watched for the entire incubation period. As the 
time from the laying of the last egg to the hatching of the first egg was 15 days in both 
nests, it appears that incubation may normally begin one day before completion of the 
clutch. At least, some development in earlier eggs must occur before the last egg is laid 
to produce such a result. The number of clutches watched so far is very small and may 
not be typical of the species in general. Also, as stated earlier, these nests were built of 
casting plaster with a mud lining. It is conceivable that this nest material may prolong 
incubation slightly by allowing uncovered eggs to cool more rapidly than similar eggs 
in mud nests. Nevertheless, it is felt that 16 days is probably close to the normal incu- 
bation period for this species. 

Kendeigh (1952:240 ff) did not mention the Cliff Swallow in his review of the liter- 
ature concerning incubation time in the Hirundinidae. Nevertheless, it can be seen from 
his report that the incubation time for all North American hirundines included in his 
survey (4 species) ranges from 14 to 16 days. Allen and Nice (1952:630) included an 
additional North American species of hirundine (not the Cliff Swallow) in their sum- 
mary of length of incubation in swallows, and its incubation time also agreed with the 
data considered by Kendeigh (of. cit.). It seems unlikely that Cliff Swallows should vary 
to any extent from this time interval. 

Unusual nesting behavior —Cliff Swallows nesting, or continuing to nest, under pecu- 
liar circumstances have been reported in the literature on several occasions. For example, 
there have been instances reported in which the adults accepted the young in a substi- 
tute nest after an accident had befallen the original nest. Wright (1924:153) gave an 
account of adults accepting an old tomato can as a nest after it had been nailed in the 
location of the natural nest and the nestlings placed in it. The adults began to build a 
mud neck over the open end of the can within a few hours after it was placed in position. 
Reed (op. cit.) told of an old strawberry box being utilized in the same manner. 

On the morning of June 8, 1955, a nest containing three half-grown young birds fell 
from its attachment above a loading dock at the Physical Sciences building on the River- 
side campus of the University of California. Some students brought the fledglings to the 
Life Sciences Division, and Dr. Irwin M. Newell placed them in a shoe box and kept them 
overnight. He fed them a thin gruel at frequent intervals with an eye-dropper. On the 
afternoon of the accident, he propped one of the artificial nests, described earlier, into 
the position of the old nest by means of a long stick. Late the following morning, upon 
the author’s return from a trip, the young birds were placed in this new nest. Although 
the parents had not seen the young birds for more than 24 hours, by early afternoon 
they were carrying food to the young and adding mud to the artificial nest. The young 
birds successfully reached flying age, and they abandoned the nest 10 days later. At that 
time it was found that the adults had placed mud, about % inch thick, around the entire 
inner surface where the nest touched the building. There was sufficient mud to support 
the nest, since, when the stick was removed, the nest remained in position. The parents’ 
acceptance of an artificial nest that closely resembled one of their own is not very sur- 
prising. However, the length of time that elapsed between the loss of the original nest 
and the return of the young in a new nest is felt to be unusual. 

Apparently young Cliff Swallows can survive relatively long periods without food, 
if they remain inactive. This was demonstrated when one young bird, which was old 
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enough to fly from the nest at night, inadvertently was detained. The bird was captured 
on the night of May 25 during routine trapping operations. While the writer was storing 
banding cages late in the afternoon of May 27, the bird was discovered in the corner of 
one cage. It could not have eaten for at least 46 hours, but upon its release at a colony, 
it flew off with no apparent difficulty. It immediately joined the flock that was feeding 
above the bridge and was soon lost in the crowd. 

Mortality of eggs and young.—During the incubation and early brooding periods, 
it was rather difficult to make many of the adults flush from the nests at night. This was 
rather disturbing, because the nesting birds were needed for study, but it was felt that 
perhaps our activities in these periods might cause a higher than normal mortality among 
the eggs and young. Since it had been learned early in the investigation that none of the 
adults returned to the nests on the night of their release, it was feared the eggs or recently 
hatched young might suffer from the lower temperature caused by the absence of the 
adults. Therefore, both air and nest temperatures were recorded at one colony that con- 
tained a large number of eggs, and a series of nests was marked for continued investiga- 
tion. Both air and nest temperatures were 23°C. at the time the first measurement was 
made at 9:30 p.m. When the second record was taken 3% hours later, the air tempera- 
ture had dropped to 18.5°C., whereas the nest temperature remained at 23°C. 

The maintenance of a rather constant temperature in the nest interior is not alto- 
gether surprising when one considers the construction and the location of these nests. 
The mud used in nest building is a rather poor heat conductor. Also, there is a single 
opening into the nest, about two inches in diameter, which prevents drafts of air passing 
through the nest. In addition, most of the nests in the primary study area are attached 
beneath cement bridges and culverts, which tend to retain heat long after the sun has 
gone down. 

Of the 24 marked nests containing full clutches, 20 successfully produced broods. 
This would indicate that no appreciable harm was done to the eggs by the overnight 
absence of the adults. 

Later a colony was visited in which the majority of the nests contained newly 
hatched young. No thermometer was available to measure the temperature on this occa- 
sion, but the weather was so cool that the investigators were uncomfortable, even though 
working physically. It was felt that if any additional mortality were to occur among 
nestlings, due to our activities, this set of circumstances would be responsible. A sample 
of 23 of these nests with young was marked, and the future progress of each nest was 
noted. It was found that 21 of the 23 marked nests showed no mortality of young up 
to the time the birds left the nest. Therefore, it was felt that the trapping operations at 
night produced little, if any, deleterious effect upon the Cliff Swallow populations on the 
study areas. 

Fledging—Young birds from clutches hatched in the artificial nests were first 
seen flying 23 days after hatching. They returned to the nest for another two to three 
days before deserting it permanently. This generally agrees with the summary. by Burns 
(1921:179), in which he listed published reports that recorded the length of nestling life 
in Cliff Swallows as varying from 16 to 24 days. Similar results have been reported for 
several other species of North American swallows. For example, Kendeigh (1952:286) 
summarized observations on several species of the Hirundinidae, and he stated that the 
period in the nest ranged from 18 to 28 days. Allen and Nice (1952:633) recorded that 
the length of time in the nest for the Purple Martin varies from 27 to 35 days, but usually 
it is about 28 days. However, this is the largest swallow in North America, so the slight 
extension of the nestling period in this species is readily understandable. 

Allowing 3 to 6 days for egg-laying, 16 days for incubation, 23 days for reaching 


vv 








26 THE CONDOR Vol. 60 


flying age, and 2 to 3 days for leaving the nest, 42 to 45 days would be required from 
the laying of the first egg to flying young, or 44 to 48 days would be required until the 
young would leave the nest permanently. This roughly corresponds to the findings of 
Grinnell (1937:207), who observed a minimum interval of 48 days from the date of 
first arrival of adults until there were flying young. The minimum interval recorded by 
Grinnell was probably obtained from birds that utilized old nests, since these birds would 
possibly be able to complete nesting first. 

The earliest flying young were found about the middle of May, and there were large 
numbers of young in the air by the first of June. By the end of June, almost all birds, 
both young and adults, had deserted the nesting sites. In only three years of the eight- 
year investigation period were birds found at any colony after July 1, and these birds 
were relatively few in number. Birds were never found in any nesting colony after the 
middle of July. 

On most occasions, the adults had deserted the nesting site at night by the time the 
young could fly well. Many colonies were trapped in late June when only young birds, 
or at most a few adults mixed with large numbers of young, would be captured. It ap- 
peared that there was insufficient room in the nest for two parents and three or four 
young birds that were nearly as large as the adults by the time they could fly. Appar- 
ently, therefore, the adults left the nest entirely to the young for a few days before the 
nestlings also deserted the nest site. The exact length of time the young are brooded 
was not determined. Beyer (1938:134) and Peterson (1955:256) both have reported a 
similar situation in the Bank Swallow in which Peterson (op. cit.) found that “the par- 
ents rarely spent the night in the nest after the young were 12 days old.” Allen and Nice 
(op. cit.:634) stated that brooding by adult Purple Martins stops altogether by the 
ninth or tenth day. Austin and Low (1932:43) found that neither adult spends the night 
in the nest after young Tree Swallows are one-half grown. Combellack (1954:441) ob- 
served that young Violet-green Swallows are brooded by an adult for only 10 nights. 

Number of broods.—J. G. Cooper (in Sharp and Wyatt, 1885—1894:544) was quoted 
as saying that Cliff Swallows raise two broods in most of California. Willett (1933:114) 
stated that at least two broods a season are produced by this species, and Gross (in Bent, 
1942:474) reported that “most all observers agree that cliff swallows in general raise 
two broods of young during any one breeding season. Hatch states that even three broods 
are sometimes reared, but I am inclined to believe that is very exceptional.”’ 

On the other hand, E. Coues (im Sharp and Wyatt, op. cit.:540) stated that prob- 
ably only one brood is reared each season. Buss (1942:158) believed it likely that only 
a single brood a year is produced by these birds, since he wrote “it seems more likely 
that these incubating birds are not raising a second brood but are re-nesting birds whose 
first nests fell from the barn.” 

The production of two broods may be possible in some parts of the United States, 
but it does not appear to be true in the areas of California under investigation. Since, as 
was previously mentioned, most of the birds in the region under discussion lay their eggs 
after April 20, and the majority of adults leave the nesting colonies by June 30, this 
allows approximately 70 days to complete two broods. Again, this agrees roughly with 
the observations of Grinnell (1937), who reported that these birds usually were at the 
Life Sciences Building on the Berkeley campus of the University of California from 
about May 1 to July 10, a period of 71 days. If it requires from 42 to 48 days to produce 
and raise a single brood in California, not counting the time necessary to build a nest, 
there is not time for a second brood to be successfully raised in most cases. Usually there 
are a few birds that lay before April 20, and there are occasional instances of birds nest- 
ing beyond the end of June, but these are exceptions. It is possible that these late nesters 
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are actually raising a second brood, but it is more likely that they are re-nesting because 
of destruction of a previous nest or brood. If these birds are raising a second brood, they 
certainly are in the minority. 

Although the birds almost completely abandoned the nesting colonies in the Sacra- 
mento Valley by July 1, Cliff Swallows were seen there for several weeks. The latest date 
birds were seen in any of the study areas in the course of this investigation was August 
18. However, Grinnell and Miller (1944:278) state that these swallows remain in Cali- 
fornia until September, and sometimes they are found in October in the southern part 
of the state. Willett (1933:114), for example, stated that J. G. Cooper saw this species 
at San Diego, San Diego County, on October 5, 1862, and Gross (in Bent, op. cit.:483) 
told of some of these birds being seen at Kernville, Kern County, on October 28. Van 
Rossem (1911:133) found some of them apparently wintering in the Salton Sea area of 
Imperial County, since he collected specimens there on December 18, 1910. 


RETURN OF BANDED BIRDS 


To simplify discussion, the following terms will be used in this paper hereafter: re- 
captured birds that were banded as adults, or birds banded as young but recaptured 
more than one year following banding, will be called returnees; recaptured birds that 
were banded as young the preceding year will be called yearlings; adult birds that were 
captured for the first time will be called newcomers. 

In this section the following points will be established: 

1. When Cliff Swallows arrive in spring, returnees that have nests in a given colony 
arrive first; these are followed by newcomers and yearlings. 

2. Many more adult returnees than yearlings return to the original colony the year 
following banding. 

3. After yearlings nest once, they tend to return to the same nesting site, which may 
or may not be the hatching site. 

4. More females, banded as adults, return in succeeding years than do males, but this 
does not seem to be true for yearlings. 

5. Among adults that return, there is a higher percentage of females that go to other 
nesting sites in the area. This sexual difference is not so pronounced in yearlings. 

6. The annual mortality among adults appears to be about 50 per cent, with few 
birds living more than 4 or 5 years. 

7. Certain types of injuries apparently do not result in death of the injured birds. 

Arrival of returnees, newcomers, and yearlings—Table 5 was compiled from data 
collected at five colonies which could be completely sealed for trapping purposes. As 
trapping efficiency was much greater in such colonies, it is believed one is more justified 
in basing assumptions on this sample than on data from many colonies which could be 
only partly sealed. The columns of table 5 labelled “seasonal catch to indicated dates” 
contain the total number of birds captured for the first time by the specified date over 
a period of several years. This does not mean the first time these birds were ever cap- 
tured, but the first time they were caught seasonally. 

Evidence from these colonies indicates that when Cliff Swallows return to the nesting 
sites the following spring, returnees that have nested previously in a particular region 
tend to be the first to arrive in that area. Newcomers, which never have been trapped 
hitherto and are assumed never to have been in the area before, arrive in larger and 
larger numbers as the breeding season progresses. Shortly after the middle of May, the 
colonies contain about equal numbers of returnees and newcomers. A small percentage 
of the banded birds that return are yearlings, but the relative number is so small that 
it is ignored in table 5. 
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Table 5 


Changes in Proportion of Newcomers to Returnees, 


According to Time of Arrival, in Five Optimum Colonies’ 


Seasonal catch to 


indicated dates Newcomers? Returnees? 
Date Total number*® Number® Per cent Number® Per cent 

Feb. 28 6 2 33 4 67 
March 15 52 10 19 42 81 
March 31 871 244 28 627 72 
April 15 1820 695 38 1125 62 
April 30 3038 1262 42 1776 58 
May 15 4923 2298 47 2625 53 
May 31 5964 2946 49 3018 51 
June 15 7807 4207 54 3600 46 
June 30 8046 4376 54 3670 46 

1 Same colonies involved in table 4. 

2 See text for definition of terms. 

® The numbers in these columns are cumulative. 


Figure 10, however, shows that many of the returnees return earlier in the season 
than do yearlings. This indicates that since the adults have made the return trip from 
the wintering area at least once before, many of them tend to return to the breeding area 
more rapidly than those birds that have not made the trip previously. When yearlings 
return to nest in subsequent years, however, they return earlier in the season, as do other 
returnees. This pattern could be produced by: (a) young birds traveling together over 
unfamiliar migratory routes without adults to guide them, (b) differences in response 
to stimuli that cause migration, due to age, or (c) a combination of these two. Sufficient 
data are lacking at present to state which, if any, of these explanations is correct. 

The curve for newcomers in figure 10 shows a condition intermediate to the other two 
curves early in the season. This is to be expected, since the group consists of adults that 
have nested in other colonies previously and young birds. Presumably many of these 
young birds have hatched in other sites the preceding year, although it is quite likely 
that some of the young birds had hatched at the same colony but escaped banding be- 
cause of their age at the times the colony was trapped that year. 

By the middle of May, the curve for newcomers falls below that of both yearlings 
and returnees. This could be explained by the probability that the majority of adults 
have arrived in the area by this time and the remainder of the birds consist primarily 
of young of the preceding year. Therefore, the curve for these birds should approximate 
that of the yearlings, although possibly it would be somewhat lower, because many of 
these birds might not be familiar with the area. However, added to this would be the 
number of vagrants that change colonies in the course of a season, as described earlier 
(see table 2). The majority of vagrants are detected in the middle and late stages of the 
breeding season, at a time when most birds have arrived at a nesting site. These birds, 
therefore, tend to obscure the actual situation concerning the original time of arrival 
of birds in the nesting area. Vagrants moving out of a colony would be undetected, 
whereas the addition of unbanded vagrants to a colony would increase the total number 
of birds considered as newcomers. 

To use a hypothetical example, assume that 1000 newcomers arrive in a colony in a 
given nesting season and 100 of these birds are captured before April 15. This would 
mean that 10 per cent of the new birds had arrived by that particular date. If, to this 
number, are added 200 unbanded vagrants that move into the colony later in the season 
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from other colonies, the total number of unbanded birds captured at the colony is 1200. 
Therefore, the 100 birds that are captured before April 15 appear to show that only 
8 per cent of the new population has arrived by that particular date. It appears, there- 
fore, that a combination of the late arrival of birds that probably hatched in other col- 
onies the preceding year and the arrival of vagrants could produce the type of curve 
shown. 

Number of returnees versus yearlings —Table 6, using data from the same five col- 
onies, shows that a much larger number of returnees than yearlings return to the original 
colony the year following banding. A similar situation has been shown to exist in other 
species of swallows (table 7). Although there is some changing of colonies in both age 
groups of Cliff Swallows, it appears that birds which once have nested at a particular 


Table 6 


Comparison of Returns of Young and Adults Captured at Five Colonies’ 


Young Adult 

Number Per cent Number Per cent 
Total banded 1098 100 4376 100 
Recaptured year 
following banding 181 16 2036 47 
Recaptured year 
following banding 
at same sites 104 57 1668 82 
Recaptured year 
following banding 
at other sites 77 43 368 18 
Ever recaptured 212 19 2093 48 

1 Same colonies involved in table 4. 
Table 7 


Comparison of Total Reported Returns for Several Species of Swallows According to Age at Banding 


Per cent 
Species Age returned Author 

Cliff Swallow (Petrochelidon pyrrhonota) Young 19 Mayhew (this study) 
Adult 48 

Barn Swallow (Hirundo rustica) Young 0.2 Uchida, 1932 
Adult 46 

Purple Martin (Progne subis) Young 1 Allen and Nice, 1952 
Adult 

Tree Swallow (Jridoprocne bicolor) Young 11 Low, 1933 
Adult 31 
Young 4 Chapman, 1955 
Adult 38 

Bank Swallow (Riparia riparia) Young 1 Stoner, 1941 
Adult 4 
Young 5 Bergstrom, 1951 


Adult | 12 
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colony have a stronger desire to return to that colony than young birds which were 
hatched there. This difference is highly significant statistically. 

The percentage of returned Cliff Swallows recaptured in both age groups, however, is 
higher than that reported for any other species of swallow that occurs in North America 
(table 7). (The investigation of Uchida (1932) included in table 7 was not carried out 
in North America but was conducted on a species that occurs here.) It is not known 
whether this is an actual difference between species, or whether it is due to the various 
capturing techniques used by different investigators. 

Nesting of yearlings ——Table 8 indicates that birds that are in the year after they 
are yearlings tend to return to the previous nesting site. In a slight majority of cases, 
this is also the hatching site for these birds. This partly agrees with the statement of 
Lincoln (1934:151) that “attachment to the breeding . . . [site] involves only adult 
birds.” He felt that, generally speaking, the homing instinct is not strong until after a 
bird has nested, and that the first nest location is primarily a matter of chance. 


Table 8 


Yearlings Which Were Recaptured the First Two Years Following Banding 


Number Per cent 
Total recaptured 54 100 
Returned to banding colony each time 32 59 
Returned to previous nesting colony, if other than banding colony 11 20 
Total nested at same colony each time 43 79 
Nested in banding colony, then another colony 2 4 
Nested in another colony, then banding colony 6 11 
Captured in different colony each year 3 6 


Thomas (1934:124), basing an opinion on his data from Starlings (Sturnus vul- 
garus), Stoner (1936:228; 1937:14; 1941:108), on the strength of his studies of Bank 
Swallows, and Chapman (1955:55), from his work on Tree Swallows, expressed essen- 
tially similar views. However, other investigators, such as Allen and Nice (1952:655) 
and Farner (1945:81 ff), do not feel that random dispersal of the young is necessarily 
true. They apparently felt that the small number of young that return to the hatching 
area is due primarily to the difference in mortality between young and adults. Farner 
(op. cit.) has presented a rather complete review of the controversy up to the date of his 
publication. 

It is the opinion of the author that Lincoln and his supporters are probably most 
nearly correct in their evaluation of the situation, at least as far as Cliff Swallows are 
concerned. The young birds reported in the present investigation were banded only after 
they were old enough to fly from the nest after dark. Therefore, most of the relatively 
high mortality that usually occurs among nestlings of many altricial species already had 
occurred by the time these birds were banded. Admittedly, it is possible that among the 
young and adults released at night, there was greater mortality among the young. How- 
ever, judging from the very small number of dead birds found around any of the colonies, 
it is believed that there was no appreciable difference in mortality due to this circum- 
stance. Also, it is quite probable that more young birds than adults are lost on the migra- 
tory flights to and from the wintering area. Nevertheless, it is felt that the difference in 
percentage of returns of the two age classes presented in this study was due primarily 
to an actual difference in development of a homing instinct for a particular area and 
secondarily to a difference in mortality after the birds deserted the breeding sites. 
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The number of breeding birds present in the colonies under consideration did not 
change appreciably in the course of this investigation. Since approximately one-half of 
the adults fail to return, most of the remainder of the birds in a colony must consist of 
those hatched the previous year. It can be seen in table 6 that approximately 18 per cent 
of the adults go to other colonies the next year, but this is believed to be balanced by 
birds from other colonies moving into the one under consideration. Therefore, some of 
the newcomers captured could have been adults the year before and were moving from 
colonies that had not been trapped the previous year. Nevertheless, this still leaves 
approximately one-half of the colony to be composed of young birds. As it has been 
shown (table 6) that only 16 per cent of the young birds produced at a particular colony 
return to that colony the following year to nest, it requires the addition of a fairly large 
number of young produced in other colonies to bring the number of breeding birds back 
to the level of the previous year. This means, therefore, that a number of young birds 
must nest in colonies other than the one in which they hatched. Table 6 shows that ap- 
proximately 43 per cent of the returning yearlings produced in one colony go to other 
colonies to nest. 

It is felt that the dispersal of young is not necessarily random throughout the entire 
range of the species, but that it is random in the general area of the hatching site. As 
was stated earlier, nesting space is not at a premium in most of the colonies studied, so 
it seems unlikely that competition for space with older birds plays an important part in 
causing the young of this species to nest elsewhere. 

Farner (1945:95) stated that “it seems possible in Robins that the tendency among 
adults is to return to the immediate locality of the previous breeding season whereas 
among first-year birds the tendency is one to return to the general vicinity of the birth- 
place.” Probably a similar situation exists in Cliff Swallows. 

Return of males versus females —There is a statistically significant difference in the 
returns of males and females (table 9). More females than males are recaptured in suc- 
ceeding years. This is not true for young birds returning to nest for the first time, how- 
ever. It indicates the possibility of a different death rate in the sexes, similar to that 
found in other organisms, including man. 


Table 9 


Number of Years Birds Recaptured, Arranged by Age and Sex 


Number of years 
Total number 


1 2 3 4 5 returns 

Adults (number) 

Males 1184 309 59 26 2 2093 

Females 1447 433 82 14 2 2625 

Sex unknown 428 49 2 0 1 537 

Total adults 3059 791 143 40 5 5255 
Young (number) 

Males 80 27 7 2 0 163 

Females 66 15 10 1 0 130 

Sex unknown 52 3 1 0 0 61 

Total young 198 45 18 3 0 354 
All birds (number) 

Males 1264 336 66 28 2 2256 

Females 1513 448 92 15 2 2755 

Sex unknown 480 52 3 0 1 598 

Total birds 3257 836 161 43 5 5609 
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Based on a sample of more than 4700 recaptures, it was found that female returnees 
are more apt to go to a different nesting colony the following year than are male return- 
ees (table 10). The difference is statistically significant. However, this difference is not 
so pronounced in birds nesting for the first time. Although a much larger percentage of 
the younger age group go to a different colony, the difference between the sexes is not 
statistically significant. No reason can be given at this time to explain the sexual differ- 
ence in returnees. 


Table 10 


Number of Birds Recaptured at a Different Site the Following Year, 
According to Age and Sex 


Per cent that 


Number changed sites? 

Adult 

Males 347 16 

Females 542 21 

Sex unknown 96 18 

Total adults 985 19 
Young 

Males 60 37 

Females 55 42 

Sex unknown 32 52 

Total young 147 42 
All birds 

Males 407 18 

Females 597 22 

Sex unknown 128 21 
Total birds 1132 20 

a See table 9 for total number of returns. 


The greatest distance traveled between colonies in successive years by any returnee 
was about 40 airline miles. The greatest distance between hatching site and nesting 
colony for any yearling was approximately 48 airline miles. 

Longevity and mortality——Birds banded as adults were recaptured as long as five 
years after banding (tables 9, 11), but these were few in number. These birds would 
have a minimum age of 6 years at the time they were last captured. (This year four 
birds have been recaptured that are known to be at least 7 years old.) It appears, how- 
ever, that a relatively small number of birds live more than 4 or 5 years. It is believed 
that no birds banded as young were recaptured this many years because relatively few 
young were marked in the early years of the study, and a rather small number of these 
marked birds returned (table 11). 

It is possible that birds of both age groups, banded in 1949 and 1950, returned after 
the date shown in table 11. Unfortunately, relatively few colonies were trapped in those 
years, and it was impractical to return to these particular sites after 1953. Therefore, 
table 11 is somewhat misleading in this regard. However, the number of these individ- 
uals captured in 1953 indicates that very few, if any, would have been recaptured in 
1954. Therefore, it is felt that the earlier statement concerning longevity is valid. 

The data obtained from adult birds banded in 1951 (table 11) are probably most 
nearly accurate in determining the proportion of birds returning year after year, since 
these colonies have been trapped every year since that time. One can see that, of those 
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Table 11 


Yearly Distribution of Returns Recaptured According to Age at Banding 


Year banded Number banded! Year recaptured 
1950 1951 1952 1953 1954 1955 1956 

1949 

Adults 182 47 3 21 6 

Young 12 2 1 1 0 
1950 

Adults 316 10 107 28 

Young 134 3 7 5 
1951 

Adults 238 111 67 31 10 5 

Young 102 4 3 0 0 0 
1952 

Adults 6145 2339 702 125 64 

Young 912 78 65 16 11 
1953 

Adults 1476 561 135 72 

Young 384 91 20 12 
1954 

Adults 1201 351 194 

Young 0 0 0 
1955 

Adults 554 286 

Young 86 18 

1 Number banded at colonies that were retrapped the following year (see table 1 

for total number banded each year). 


present one year, approximately one-half return the following year. It appears, therefore, 
that a rather high mortality occurs among adults as well as young. 

Injured birds —A number of previously injured birds have been found in the course 
of this study, but in most cases their activities did not seem to be unduly impaired by 
their physical disabilities. For example, birds were captured that were missing toes and 
even, in some cases, a leg. Nevertheless, judging from the healed condition of the wounds, 
these birds had been competing successfully with other members of the species for some 
time. Several were recaptured in subsequent years. As these birds spend little time on 
the ground, the loss of toes or a leg would not seem to be as serious in this species as in 
birds that depended upon their legs for digging, walking, and capturing prey. 

One female was banded that had the outer layer of bone missing over most of the 
cranium. The damage apparently had happened much earlier because there was old scar 
tissue around the entire edge of the opening. The injury evidently caused the bird little 
trouble, however, since it was recaptured the following year. 


SUMMARY 

Over an eight-year period, 18,004 Cliff Swallows were banded, and 9108 recaptures 

were made in 71 colonies. The majority of these birds were caught in three areas of Cali- 

fornia, but one area in Nevada was sampled. A technique was developed, using artificial 

nests, to gain additional observational information. Incubation patches were found use- 
ful in determining the sex of live adults during a portion of the breeding cycle. 

In the interior valleys of northern and central California, most of the birds nest 
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under culverts and bridges. However, buildings are used primarily for nesting sites in 
southern California. 

The time of spring arrival varies greatly from year to year at a given colony. In gen- 
eral, the birds usually arrive between late February and the end of March. An attempt 
has been made in this paper to show that the time of arrival probably is correlated with 
temperature and the dietary habits of the birds. There is also variation in time of arrival 
between colonies in the same year, for which no explanation is available at this time. 

Some birds appear to be paired upon arrival at the nesting sites; others become 
paired almost immediately. New pairs apparently are formed each year. 

The pairing bond may not be as strong in Cliff Swallows as in some other species. A 
condition called vagrancy is described, in which potential breeders have been found to 
change colonies in the middle of the breeding season. A greater number of females have 
been recaptured as vagrants, and this result is statistically significant. It is possible that 
some of the movement between colonies may be due to the disturbance caused by night 
banding operations. However, it is felt that this plays a relatively minor part, since some 
birds have been caught as many as 10 times over a five-year period without causing them 
to desert the original colony. In addition, several homing experiments have shown that 
many of the transplanted birds have a strong attachment to a particular nesting site. 
Also, previously uncaptured adults are caught each time a colony is trapped in the course 
of a season, indicating probable movement from untrapped colonies. 

Although nests built in previous years are often repaired and used, individuals do not 
tend to use the same nests each year. It has been found that the birds do not spend the 
night in the nesting colonies until nests are almost complete. The intermittent use of 
nesting sites has been noted. 

A review of species reported to use Cliff Swallow nests, Cliff Swallows found using 
the nests of other species, and species seen nesting with Cliff Swallows is included with 
additional data obtained in the present investigation. 

There is considerable variation in the time eggs are laid, both within a colony, and 
between colonies. Three to four eggs seems to be the normal clutch in this area; the eggs 
are laid on consecutive days until the clutch is completed. The observed incubation 
period, from the laying of the last egg to the hatching of the last egg, is 16 days. Nest 
temperatures at night remain rather constant, even without adults being present in the 
nest. Night trapping operations did not seem to produce any additional mortality in eggs 
or in very young nestlings. The young birds are brooded at night in the early stages of 
nestling life, but they are left to themselves at night near the end of this period. Young 
birds usually fly about 23 days after hatching. 

Based on the length of time required to raise one brood, and the length of time adults 
remain in the nesting colonies, it is thought that only one brood is produced each year 
by the great majority of birds in this region. Most nesting colonies are empty by July 1, 
and all birds are gone from these sites by July 15. However, nearly all the birds remain 
in the general area for some time after they have deserted the nesting sites. 

When birds return the following spring, evidence indicates that adults which have 
nested in a given colony arrive first. They are followed by previously uncaptured adults 
and young produced the preceding year. A much larger number of “returnees” than 
“vearlings” return to the original colony the year following banding. Although there is 
some shifting between colonies in both age groups, birds that once have nested at a par- 
ticular colony appear to have a stronger desire to return to that colony than do young 
birds that were hatched there. When birds return to nest the second year after hatching, 
they tend to return to the previous nesting site. 

More females banded as adults return in succeeding years than males. This does not 
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appear to be true for young birds returning to nest for the first time. Among adults that 
return, there is a significantly higher percentage of females that go to other nesting sites 
in the area. This sexual difference is not so pronounced in birds hatched the preceding 
year. 

Some birds are known to have lived for at least 7 years, but few are believed to live 
more than 4 or 5 years. The annual mortality among adults seems to be about 50 per 
cent. No estimate of mortality among young birds is available at present. 

Some types of injuries apparently do not result in death of the injured birds. 
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TIMING OF MOLT IN STELLER JAYS OF THE QUEEN CHARLOTTE 
ISLANDS, BRITISH COLUMBIA 


By FRANK A. PITELKA 


Among birds, molt occurs in a particular interval of the annual cycle, and its timing 
bears a relatively fixed chronological relation to breeding and to migration in tempo- 
rarily resident species. At temperate and higher latitudes, a question arises as to the 
extent that molt occurs in the summer period, that is, in the interva) devoted in the 
main to reproductive effort. Lack (1954) maintains that in genera) the breeding season 
is so timed that young are being raised when their food is most plentiful. But it appears 
that at higher latitudes, as the summers become shorter, this relationship may be com- 
promised by molt (Pitelka, (957). In other words, regardless of the part of the summer 
that has the maximum amount of food available for adults and young of a given species, 
the farther north we go, the more likely it becomes that the programming of molt for 
the population as a whole will intrude upon that period. This will be true at least of 
permanently resident species and of species which are only summer residents but under- 
go the annual molt while still on the breeding grounds. Examples of the first group are 
the Blue Grouse (Dendragapus obscurus), Steer Jay (Cyanocitta stelleri) , and chick- 
adees (Parus sp.); examples of the second group are the Lapland Longspur (Calcarius 
lapponicus) and Snow Bunting (Plectrophenax nivalis). 

It is the objective of this paper to examine timing of molt in Steller Jays of the Queen 
Charlotte Islands, off the coast of British Columbia at latitudes 52° to 54° N. Here this 
jay occurs as a permanent resident in luxuriant cool temperate forests of spruce, hem- 
lock, and cedar. It is represented by a race (C. s. carlottae) confined to the islands 
(Osgood, 1901). The species, however, has a wide distribution in western and middle 
America, from southern Alaska to Nicaragua, latitudes 60° to 13° N. Although it oc- 
curs almost everywhere in association with coniferous forests of boreal or cool temperate 
type, these environments vary sufficiently in climate that the annual cycle of the jay 
may be expected to differ significantly from one region to another. This pertains as 
much to timing of molt as to any other important annual event. Hence, beyond the 
Queen Charlotte Islands, the picture presented here may apply at most only to coastal 
populations of Canada and southern Alaska. In other parts of the distribution of the 
Steller Jay, the climates are warmer and drier, or more markedly seasonal, or both, and 
characteristics of timing on a populational scale, if they differ from those of the north- 
western coast, do so to degrees as yet undetermined. 
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MATERIALS AND METHODS 


The data reported here were obtained from 190 specimens of Cyanocitta stelleri col- 
lected chiefly on Graham Island, the northernmost of the Queen Charlotte Islands. The 
entire series available to me totals 231 specimens; most of them were taken ate in 
the breeding season and during the mo)t. Those undergoing the complete mo)t (see 
table 1) were al] taken in the months of May through August; those undergoing the 
postjuvena) mo)t were taken in the months of June through October. 

The procedure in recording molt is one developed tor purposes of quick recording 
in the study of banded birds. On the basis of a detailed examination of molt pattern in 
the Snow Bunting and Laogland Longsour at Barrow, Alaska, in 1951 (Pitelka MS), 
certain points or areas of plumage active in early, middle, and late intervals af the malt 
were selected for “reading.” Scares af 0 ta (0 were assigned ta the sequence af stages 
of molt activity at each point or area, and the total scores abtained for any individual 
proved to correlate satisfactorily with the overall advance of molt. As the scores for a 
given interval of time can be cast as a frequency distribution, the method is useful in 
describing molt programming in the population as a whole as well as in the individual. 

For Cyanocitta stellert and other jays studied since my report on molt in A phelo- 
coma (Pitelka, 1945), I find the pattern of molt similar. The laborious procedure of 
describing each stage in terms of conditions on a)l important body areas, as was done in 
the study of Aphelocoma, was an essentia) first step. With the background of that earlier 
work, it proves possible now to apply the method used for living birds to museum speci- 
mens. With a pair of forceps, the blanket of body feathers can be parted to reveal stages 
other than the old or fully grown feathers that are evident superficially. Flight feathers 
can be checked by hand once the plan of wing pterylography is well in mind. The handle 
of the forceps can be useful to keep feathers slightly apart as one looks deeply at inser- 
tion points with a beam of light cast in the same axis. 

I would add that this method can be used satisfactorily on museum specimens by 
students experienced in handling them considerately and providing such specimens are 
of a size and toughness similar to that of jays. In smaller birds, there are mechanical 
difficulties in examining plumage as well as risk to the specimen, and whether the method 
discussed here can be used satisfactorily will have to be determined for individual cases. 

For the complete molt, the loss of primary 1 signals the onset of molt, and the com- 
plete growth of secondary 6 signals the end of molt. In some individuals, and possibly 
a majority, molt may actually begin first on the body before primary 1 is dropped and 
also end on the body after secondary 6 is fully grown. The areas concerned, respectively, 
are the sternal region of the ventral tract and the auricular region. Such differences 
between absolute onset or end of molt and the time of activity indicated by primary 1 or 
secondary 6 are considered insignificant because the intervals are short and the amounts 
of feather replacement occurring on the body before loss of primary 1 or after completed 
growth of secondary 6 are small. 

From other flight feathers, selection can be made of those whose growth occurs over 
intervals which overlap so that together with primary 1 and secondary 6 they form a 
time series giving graded estimates of molt stages. These additional flight feathers are 
primaries 5 and 10, secondary 1, and rectrices 1 and 6. The molt of primaries spans a 
longer period than that of secondaries or rectrices, but the last activity is in the second- 
aries; hence the former cannot be used alone. While the primaries together with the 
secondaries might suffice for scoring purposes, the rectrices were included so as to have 
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Fig. 1. A, schedule for the recording of molt stages of selected flight feathers 
in the complete molt, along with corresponding scores from 0 to 10 
assigned to each feather. 

B, schedule for the recording of molt stages on selected body areas 
in the postjuvenal molt, along with corresponding scores from 0 to 10 
assigned to each area according to the molt stage or range of stages oc- 
curring there (see text). 

Explanation: O, old feather; M, missing; A, pin feather; B, “brush” 
stage, pin feather burst terminally but without a flat vane yet; C, partly 
grown feather with at least terminal portion of vane flat; D, feather 
completely grown or virtually so, but still sheathed basally; E, feather 
completely grown. 


a broader base on which to deal with intrapopulation variability and to compare popu- 
lations and species. The inclusion of the rectrices in the scoring of adult molt proved 
inadvertently to have other advantages to be mentioned later. 

For each of the seven feathers, a record is made according to the schedule shown in 
figure 1A. The feather may be old (O); missing (M); a pin feather (A); in a brush 
stage (B), burst from its sheath but still without a flat vane terminally; in various 
growth stages (C) in which the vane is flat at least terminally and for which the amount 
of growth is indicated by a fraction; completely grown or virtually so, but still sheathed 
basally (D); or completely grown (E). Assigned scores between 0 and 10 corresponding 
to these various stages are given in figure 1A. Thus, an adult midway through the molt 
scores about 35, and one completely molted scores 70. 

The postjuvenal molt is incomplete. As in Aphelocoma, the flight feathers, alula, 
greater primary coverts, and a variable number of the greater secondary coverts are re+ 
tained. Hence, the record must be based on body areas. Five were selected: lower chest 
(broad part, or sternal region, of the ventral tract); middle secondary coverts; crown, 
specifically the center portion of a band between the eyes; the throat, a band about 4 
inch wide between the proximal ends of the rami; and the side of the upper neck and 
auricular region. Earliest signs of molt typically appear on the chest, whereas the last 
feathers to complete growth are those of the sides of the neck and auricular region. 

For each of these five areas, a record is made according to the schedule shown in 
figure 1B and utilizing the same symbols as explained above. A first-year individual 
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which has passed through the postjuvenal molt scores 50, or 20 points less than indi- 
viduals after complete molt. The procedure differs from that used for the complete molt 
in two other ways: (1) As the feathers concerned are small, no estimate is made of 
fractional amount of growth shown by feathers in C stages; (2) as areas rather than 
single feathers are concerned, the observation may record a single stage, but more fre- 
quently it consists of the range shown by the majority of the feathers on the area, which 
means 80 to 90 per cent of them and usually all of them. The assigned scores are drawn 
from the table shown in figure 1B. Thus, a recorded stage may be O-A (score of 1), 
meaning that over the area in question, there were old feathers, feathers missing, and 
some pin feathers. As another example, C-E (score of 8) means feathers in growth 
stages, feathers of full size but still sheathed basally, plus feathers completely grown. 
The M stage, alone or in combination with O, A or B, is used only in recording stages 
of middle secondary coverts where gaps are clearly detectable. 

As the postjuvenal molt does not include the flight feathers (and certain other minor 
series), weights of body plumage and of flight feathers were obtained so as to provide 
an index to the difference in metabolic burden borne by birds undergoing the complete 
molt versus those merely in postjuvenal molt. This was done with specimens obtained 
in the Berkeley Hills, Oakland, and in the Santa Cruz Mountains, all in central coastal 
California where the race C. s. carbonacea occurs. Specimens were weighed soon after 
collection or they were frozen in a sealed cellophane bag and later thawed and weighed. 
After the body weight was obtained, all primaries, secondaries, and rectrices were re- 
moved, and the specimen was again weighed. Then all remaining feathers were removed, 
and the specimen was weighed a third time. From the weights obtained for each indi- 
vidual, the per cent fractions represented by body plumage and flight feathers were 
calculated. 

RESULTS 

For the complete molt, the distribution of scored specimens for the months of May 
through August is shown in figure 2. There were no September-taken adults in the 
sample. The important facts concerning timing of the complete molt are summarized 
in table 1. 

For the postjuvenal molt, the distribution of scored specimens for the months of 
June through October is shown in figure 3. For a summary of the facts, see table 1. The 
earliest date for a juvenile in my sample is June 1, an individual with incompletely 
grown juvenal rectrices and evidently only recently fledged. As is shown in figure 3, 
juvenal Steller Jays may enter the postjuvenal molt while the tail feathers are still 
sheathed basally. In these instances, the sheath indicates that a terminal fraction of 
growth is occurring or that growth was just recently completed. No specimen with 
sheathed rectrices scored higher than 5 (out of 50), indicating only a slight overlap 
between the end of growth of these feathers and the onset of the postjuvenal molt. 
Individuals showing this overlap were scattered through most of the interval over which 
molt began. At lower latitudes there is typically a time gap between the end of growth 
of juvenal rectrices and the onset of the postjuvenal molt. This is true in both A phelo- 
coma and Cyanocitta. 

In Steller Jays of an area with so humid a climate as that of the Queen Charlotte 
Islands wear and fading of feathers is minimal, with the result that individuals under- 
going their first complete molt are easily separated from those in later molts. This sepa- 
ration is possible up to a score of about 40, that is, up to the time that at least some 
juvenal feathers of the tail, wing, alula, and the series of greater primary coverts are 
retained. The distribution of scored specimens undergoing the first complete molt and 
those about to enter it is shown in figure 4 (see also table 1). 
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Fig. 2. Period of the complete molt in Steller Jays of the Queen Charlotte 
Islands according to the distribution of scored specimens against time. 
0, molt not yet started; 70, molt completed. Values between 0 and 70 
indicate relative advance of overall molt according to stages of seven 
selected flight feathers. Dots indicate males; circles, females. 


Table 1 


Comparison of Different Molts in Steller Jays of the Queen Charlotte Islands 


Complete molt First complete Postjuvenal 
(second or later) molt molt 
Sample size (N) 69 38 83 
Start of molt May 12-July 10 May 9-June 4 June 10-July 20 
Ending of molt July 20-Sept. 10 Indeterminate Aug. 20-Oct. 10 


Period of molt in 
the individual 60-70 days Presumably same as 70-80 days 
other complete molts 


Average date of 
inception June 7’ May 21? June 29* 


Period when central 75 
per cent begin molt May 22-June 12‘ May 15—May 28 June 15-July 9 


Latest date from speci- 
men not yet in molt June 12 May 23 July 10 


Earliest date of 
completed molt August 1 Indeterminate Sept. 23 


1 Based on 23 specimens with molt scores of 15 or less, but not zero, for which dates of molt inception were esti- 
mated according to zero-intercepts parallel to dashed line at left or right of figure 2, whichever was closer. 

2 Based on 17 specimens with molt scores of less than 5, not but zero (fig. 4). 

3 Based on 20 specimens with molt scores of less than 10, but not zero (fig. 3). 

4 Of 23 specimens used to calculate average date of inception, the central 18 or 78 per cent fall between these dates. 
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Fig. 3. Period of the postjuvenal molt, graphed as explained under figure 2. 
Here a score of 50 indicates molt completed; values between 0 and 50 
indicate relative advance of overall molt according to stages of five se- 
lected areas of the body. Sexes not distinguished; crosses indicate indi- 
viduals with tail feathers in last stages of growth. 


The weights of plumages, each cast as per cent of total weight, are summarized in 
table 2. As the sample is small, only means and ranges are given. The data suggest no 
significant differences between sexes and age groups. For the population of Steller Jays 
occurring in central coastal California, the plumage in the spring months comprises 
about eight per cent of the total weight. 

A few additional data indicate that, as might be expected from observations on 
plumage wear, this percentage trends downward during the year. For two October-taken 
adults, the percentages are 11.9 and 9.1. For one May-taken adult female, the percen- 
tage is 7.1, which is below the lower extreme given in table 2. The lowest value of all in 
table 2 is 5.5, from a first-year female taken in April. Because of this evidence, table 2 
was limited to that portion of the year for which the most specimens were available. 
On the average, then, the fresh plumage of an individual comprises more than eight per 
cent of its total weight, probably somewhere between 9 to 11 per cent. 


Table 2 
Ratio of Plumage Weights to Body Weights in Steller Jays of Central Coastal California! 


Plumage weight in per cent 


N Total weight 
Sex and age in grams All Body Flight feathers 
Adult males 3 117.2 7.5 4.9 2.6 
(106-126) (6.9-7.9) (4.3-5.3) (2.5-2.8) 
First-year males 3 111.1 8.0 5.4 2.6 
(103-117) (7.5-8.4) (4.9-5.8) (2.5-2.6) 
Adult females* 5 106.6 8.1 5.5 26 
(102-116) (7.3-8.9) (5.1-6.2) (2.2-2.8) 
First-year females 9 107.0 Ve 4.9 2.4 
(95-120) (5.5-8.5) (3.5-6.0) (2.0-2.9) 








1 All specimens taken in February, March and April. 
2 Females consist only of pre-breeding or non-breeding individuals; a few heavy females in egg-laying or pre-laying 


stages were excluded. : 
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For our purposes, the important point is that the ratio of weights of body plumage 
to flight feathers is about 2:1, and that in fresh plumage the difference is greater, 
approaching 2.5:1 in at least some individuals. In the complete molt, therefore, the 
weight of plumage replaced is 114 times that of the postjuvenal molt or slightly less. 
For purposes of examining certain aspects of the timing of molt, we will assume that the 
metabolic burden borne by adults in replacing their feathers is greater than that for 
juveniles by this fraction. 

The total score adopted for the complete molt is 20 more than the total of 50 for 
the postjuvenal molt; that is, the ratio of the amount of body feathers to amount of 
flight feathers is 5:2, or 2.5:1. Hence the notation in the methods section that the scor- 
ing procedure proved to have some unexpected advantages, one being that the scores 
reflect reasonably well the relative difference in weights of plumage replaced. 

No data on plumage weights are available for the Queen Charlotte Islands popula- 
tion, and for purposes of this paper I will assume that the ratios are similar. 


DISCUSSION 


Onset of the complete molt in relation to age.—There is only a slight absolute dif- 
ference between the first and later complete molts in earliest records of molt. The data 
in figure 4 indicate a difference of three days, which is insignificant. But on a popula- 
tional basis, there is a significant difference. 

The scatter of scores shown in figure 4 brings out the fact that the majority of the 
individuals entering the first complete molt do so ahead of those in later complete molts. 
Thus, more than half, and perhaps as many as 75 per cent, of the individuals slightly 
more than a year old and entering the first complete molt do so by the time that only 
25 per cent of the older individuals enter one of the later molts. Presumably this differ- 
ence is correlated with non-breeding in first-year individuals. For high-latitude popu- 
lations of C. stelleri, there are only a few scraps of evidence in direct support of this. 
For example, the label of a first-year male with small testes obtained on Graham Island 
on April 26, 1920, was annotated “‘would not breed this year.” But evidence from other 
corvids supports the surmise of non-breeding among first-year birds. This line of argu- 
mentation is supported by the fact that if first-year birds breed at all, they tend to do so 
later than older individuals. Data from large samples of the Scrub Jay (A. coerulescens ) 
obtained at Sonora, California, for example (Pitelka MS), clearly support this point, 
and it has been established also for various other species. 

It must also be recognized that difference in onset of molt between non-breeding first- 
year birds and breeding birds is greater than that indicated in figure 4 due to the fact 
that members of pairs unsuccessful in their nesting may enter the molt ahead of those 
having nests with young. The tendency of such unsuccessful adults to lapse into molt, 
so to speak, would then bring about the negligible difference in earliest records for onset 
of the first complete molt versus later molts. 

It is possible that if first-year individuals tend not to breed, this is not manifest 
equally in the two sexes. There is some suggestion in figure 4 that males entering the 
first complete molt do so statistically ahead of females. Taking as a break the line be- 
tween areas B and C (fig. 4) and setting up a contingency table of numbers of females 
to either side versus numbers of males in molt, I obtain a chi-square value which indi- 
cates significance only at the 10 per cent level. Other manipulations of the data do not 
improve this. Thus, at best, there is a possibility that a difference between the sexes 
occurs in time of onset of the first complete molt. To settle the point, a larger sample is 
needed. If a significant difference were shown, the simplest hypothesis to explain it now 
seems to be that such a difference would occur if at least some of the females breed. 
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Fig. 4. Timing of the onset of the first complete molt, based on all first-year 
specimens available for the month of May plus all recognizable ones of 
this age group for June. Dots indicate males; circles, females. Line A 
indicates the progression of the earliest molting individuals, but only up 
to a score of 40 because in later stages this age group is not distinguish- 
able from adults. Areas B and C represent the early part of the molt 
period for jays in second or later complete molt; the first 25 per cent 
or so fall within the interval B, while the remaining individuals start 
their molt within the interval C or later (see fig. 2). 


While this is not impossible, it does seem unlikely, and from a populational standpoint 
it is negligible, since the proportion of such breeding females presumably would be small. 

The fact remains that as a group first-year birds begin to molt ahead of older birds. 
Presumably, any loss to the population because of failure of the former age-group to 
participate in breeding is counterbalanced by an advantage which it gains because a 
significant portion of its members begin their molt early, as early as May 9, thereby 
spreading out the demands made by the population for food in support of both nesting 
and molt over and above that needed for mere existence. 

The timing of molt with relation to summer season.—lIt is evident from figures 2 
and 3 and from table 1 that the molt of juveniles is significantly later than that of adults. 
The periods over which molt occurs in each of these sub-populations and the overlap 
between them is shown in figure 5. 

An important point is that the time when all adults are in molt occurs prior to the 
time when all juveniles are in molt. For the former, this interval is the month of July, 
for the latter, August. Thus, the use of available food in support of feather growth is at 
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Fig. 5. Timing of molt in adults and in birds of the year, shown by suc- 
cessive percentages of individuals undergoing complete molt (dotted 
area) superimposed on successive percentages of individuals undergoing 
the postjuvenal molt (area of vertical dashes). A band of sparser dotting 
to the left suggests a slight advance in molt schedule for a portion of 
those individuals in their first complete molt. 


maximal levels over these two months, and because of this earlier scheduling of molt 
in adults, the total demand for food at any one time is not so great as it would be were 
the overlap to be greater. Such overlap as occurs (fig. 5) indicates that the time when 
all members of all age-groups are in molt is late July and early August. 

Whether the molt activity and attendant food demands truly peak at this time in a 
populational sense depends on several factors, one of them being the relative proportion 
of adults to juveniles. No nesting data are available for the jays of the Queen Charlotte 
Islands, but in coastal Washington and British Columbia, clutches of 3 to 5 eggs are 
laid (Bent, 1947), and there is no reason to expect clutch size to be smaller to the north. 
After eggs hatch in May, the population will contain young in excess of the number of 
breeding adults—for purposes of discussion, let us say 2:1. As young are lost, the dif- 
ference will become smaller, but some mortality will occur in adults also, and the young 
may still preponderate at the end of the summer. 

On the other hand, several factors counterbalance any numerical majority of juve- 
niles over their parents. We have to allow for a segment of the population consisting of 
birds one year old which are non-breeders in the majority, if not all. The data from my 
sample suggest that in May, first-year birds comprise as much as 20 to 30 per cent of 
the population. Moreover, we have the facts that in the complete molt, about half again 
as much of the plumage weight is replaced as in the postjuvenal molt, and that the com- 
plete molt proceeds more rapidly than the partial molt of juveniles (compare figs. 2 
and 3). There are still other considerations, for example, the breeding pairs whose nest- 
ings have failed. 

In other words, from the standpoint of food budgeting in relation to molt in the pop~ 
ulation as a whole, adults and juveniles as sub-groups may be considered to stand in a 
1:1 ratio. This simplification, although gross, is ventured because some approximation 
is needed to continue the discussion. For lack of information, it is not worthwhile to 
pursue further the arguments used to support the ratio of 1:1. My objective is to use 
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Fig. 6. Timing of molt in the population as a whole, assuming a 1:1 repre- 
sentation of adults and young (see text) and showing the maximal molt 
activity to fall in late July and early August. 


this line of reasoning to show that if a ratio of body-molt units among adult and juve- 
niles of 1:1 is adopted, and if the proportion of birds undergoing molt in the population 
as a whole is then graphed against time, the peak of molt activity and hence the peak 
of demands for food in support of molt in adults and young together occur in late July 
and early August. This is shown in figure 6. This is to say, peak activity evidently may 
occur as suggested by figure 5 even after a number of populational variables are weighed 
as to the degree they might deflect the peak initially indicated merely by the schedule. 

Ecological reports on insects would give some suggestion of seasonal change in food 
availability, but I have been unable to locate any for the Queen Charlotte Islands. Char- 
acteristics of the land environments there are described by Osgood (1901) and by 
Munro and Cowan (1947). Temperatures on the Queen Charlotte Islands and the adja- 
cent mainland are higher in July and August than at other times of the year, and rain- 
fall is low then (Mackie, 1956). This is shown in figure 7 by climographs. Using such 
data on annual cycle in environment, I would expect that on the Queen Charlotte 
Islands, as in boreal-forest habitats generally, insects are present and active in greatest 
variety and quantity in July and early August. 

Returning now to Lack’s thesis, in his statements about young being raised when 
food is most plentiful (1954: 59 ff), he is referring to young in the nest. For Steller Jays 
on the Queen Charlotte Islands, this probably means mid-May to mid-June. In central 
California, the young remain dependent for more than a month after they are fledged, 
and there is no reason for expecting the Queen Charlotte Islands jays to differ: Under 
such circumstances, the adults may still be feeding young in July. We are left with a 
dilemma as to which food is important. Is it the food brought to young in the nest and 
of a kind more abundant then (which would be what Lack seems to be emphasizing) ; 
or is it the over-all food supply available to this omnivorous species, which surely in- 
creases beyond the nestling period and peaks some time in mid-summer, when young are 
still dependent and most members of the population are in molt? I would think the latter 
is more critical in timing. If so, then on the basis of the evidence we have concerning 
molt, it can be argued that the timing which has evolved in this population of Steller 
Jays seems to have accommodated molt first. 
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Fig. 7. Climographs for Masset (lat. 54° 0’ N), Queen Charlotte Islands, and for the nearest 
station on the adjacent mainland, Prince Rupert (lat. 54° 20’N), about 80 miles away. 
Months of May through September, and December and January are indicated by letters. 


In other words, if a choice of some vital activity in the annual cycle has to be made, 
it is molt which appears to be most closely adjusted to the interval of the summer when 
peak supplies of food for this species can be expected. Lack (1954:25 ff) has shown that 
there is often a significant correlation between modal sizes of clutches or litters and 
maximal survival. This of course is an important point apart from the question of tim- 
ing in relation to food. But in those species in which clutch size varies little or not at all, 
adaptations other than those of clutch size are significant. Effective reproduction is 
controlled by several population variables which interact, clutch size being one of them. 
When clutch size varies little, the latitude for adjustment, which we may assume is there, 
is used in other ways. It should be borne in mind, also, that larger and longer-lived 
birds can skip a breeding season, but they do not as a rule skip a molt. 

Clearly, the significant problem of timing faced by a population is not a matter alone 
of dependent young in relation to peak supplies of food or a matter alone of molt in 
relation to food. Molt and breeding along with other major events in the annual cycle 
are to be studied as parts of a total problem met by the population so that vital activi- 
ties are programmed in relation to seasonal gain and loss in numbers with compromises 
in program that enable that population to maintain itself. This is a view long implicit 
in Kendeigh’s (1949 and earlier) studies of important life activities of birds in relation 
to their energy-producing capacities. 

In any event, the example of Steller Jays on the Queen Charlotte Islands gives us 
some indication of the degree to which molt occupies the most favorable season of the 
year in northern passerines, even permanently resident ones and also those so large and 
of such omnivorous habit as jays. Indeed, the peak of molt activity in the population 
as a whole proves to coincide with the middle of the summer. Finally, by comparison 
with jays of more southern latitudes (Pitelka, 1945), the complete molt proceeds more 
rapidly. The early scheduling of that molt results in less overlap with the postjuvenal 
molt than occurs to the south. This kind of critical-timing adaptation in animals of 
northern environments will become increasingly evident as life activities are studied in 
the field on a populational basis. 

The picture of molt timing presented here is of necessity a generalized one because 
specimens were obtained in various years. Hence year-to-year variation is masked, and 
were good samples available for several successive years, critical characteristics of tim- 
ing might stand out more sharply than they do now. 
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SUMMARY 


Timing of molt in Steller Jays of the Queen Charlotte Islands was studied from the 
large series of summer-taken specimens available in American museums. The complete 
molt of adults two or more years old begins in the interval from May 12 to July 10, and 
adults individually take 60 to 70 days to molt. Individuals undergoing the first complete 
molt start molting sooner than older ones. The molt of juveniles begins in the interval 
from June 10 to July 20, and juveniles individually take 70 to 80 days to molt. Thus, 
adults molt ahead of juveniles, and their complete molt proceeds more rapidly than the 
partial molt of juveniles. 

In Steller Jays of central coastal California, the plumage comprises on the average 
eight per cent of the body weight in the spring months and about ten per cent after the 
fall molt. The ratio of body plumge to flight feathers (remiges plus rectrices) is near 2:1. 
In the complete molt the weight of plumage replaced is thus 114 times that of the post- 
juvenal molt. 

In addition to differences among age groups in extent and rate of molt, factors which 
can affect timing of molt in the population as a whole are age composition, mortality 
trend according to age group, and proportion of reproductives. These factors are as- 
sessed briefly and tentatively from the standpoint of the data on Steller Jays on the 
Queen Charlotte Islands. In the light of all evidence and arguments brought to bear 
thereon, molt in the population peaks in late July and early August. This raises the 
question whether breeding more so than molt is critically timed with relation to peak 
abundance of summer foods. It appears that in these jays, in a cold temperate and 
densely forested region at 54°N latitude, molt is as closely linked in its timing with 
summer food abundance as is that interval of breeding when parents are feeding young 
in the nest. 
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ECOLOGICAL AND DISTRIBUTIONAL ANALYSIS 
OF NORTH AMERICAN BIRDS 


By MIKLOS D. F. UDVARDY 


Lonnberg (1927) and Mayr (1946) have made the principal attempts to analyse 
the North American avifauna from the point of view of faunal history. Both being taxo- 
nomists, their emphasis was on the distributional history of the taxa and on their pos- 
sible dispersal routes. In most instances they had to restrict their considerations to the 
family and subfamily level. The scarcity of avian fossils and the great geological time 
span they covered warranted this restriction. 

Mayr, and implicitly Lonnberg, were seriously criticized by Wolfson (1955), who 
states that the interpretations of Mayr would also fit a distributional theory based on 
the assumption of the drift of continents. Savile (1956), however, countered most of 
Wolfson’s arguments. 

These few discussions, however valuable they are, have barely started the zoogeo- 
graphical analysis of North American birds. One field that deserves attention is the 
ecological grouping of the elements of this fauna, because such a grouping has its causes 
rooted in the past history of the fauna and of the habitat, and it permits certain de 
ductions. 

HABITAT GROUPS 


My original effort in analysis compared the western North American avifauna with 
that of the western Palearctic region. My field knowledge.of birds and their habitats is 
restricted mainly to these two areas. Later I was able to extend the analysis to the whole 
North American fauna on the basis of the rich literature available. 

The method employed for the establishment of the ecological groups was the follow- 
ing: I went through the A.O.U. Check-list of North American birds and listed the breed- 
ing species of each family. For each species the breeding habitat has been defined, using 
the life history data collected by Bent (1919-1953), the regional faunistic literature of 
North America, and such ecological monographs as Miller’s (1951) for California, and 
Munro and Cowan’s (1947) for British Columbia. 

I have tabulated the notes on the species in the form of a card index of the families. 
This material is deposited in the archives of the Department of Zoology, University of 
British Columbia, Vancouver, B.C. 

Table 1 summarizes the results of this grouping for the non-passerine, and passerine 
families, respectively. In table 2 the ecological groups are listed, together with the num- 
ber of species in each and the percentage which the group constitutes in the total num- 
ber of breeding birds in North America. For each group the number of species common 
with Palearctic and Arctic Eurasia is given, as well as the ratio of these common ele- 
ments in the total number of species of the group. 

As far as the Palearctic fauna is concerned, it was not possible to complete an eco- 
logical analysis of the whole fauna, but, using the monographs of Hartert (1903-1922). 
Stegmann (1938), and Dementiev and Gladkov (1951-1954), I have drawn up a list 
of the species and genera that North America has in common with the Palearctic. 

North America in my analysis extends, as is customary, from Greenland in the north- 
east south to the Mexican boundary of the United States. I have left out of the analysis 
certain southern species that occur only within this area in the lower Rio Grande Valley 
of Texas; also excluded are those West Indian birds that have their northern boundaries 
in southern Florida. These birds are representatives of more southern biomes. 

Table 3 contains results for the breeding fauna of Europe similar to those given for 
North America in table 1. For the grouping of European birds I have used the breeding 
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fauna that is listed in Peterson, Mountfort, and Hollom (1954). The handbooks of 
Witherby, Jourdain, Ticehurst, and Tucker (1943-44), and Niethammer (1937-1942) 
were consulted for habitat data in the case of certain species. Table 4 lists the ecological 
groups of the European avifauna, in an arrangement similar to that of table 2. 

I distinguish, for both continents considered, ten major ecological groups within the 
breeding avifauna. These mainly correspond to the biomes of the northern temperate 
regions. There is an additional group of unanalyzed birds. These latter species have 
either very wide ecological tolerance, and thus could not justly be included within any 
of the ten groups, or they have a very narrow habitat preference but occur in several 
biomes within the area. A good example of the first is the Raven (Corvus corax) and 
of the latter, the Kingfisher (Megacervle alcyon). The groups are: 

1. Arctic sea birds. Within the northern open habitats there is a distinct group of 
marine and shore species which feed in the pelagic or littoral zones and nest in coastal 
locations. 

2. Tundra birds. Land and shore birds that nest in the tundra biome. 

3. Taiga birds. The northern half of the temperate forest belt of North America 
harbors a distinct group of birds that is very closely associated with the northern conifer- 
ous forest belt, or with the muskegs within these forests. This fauna shows great affinity 
to that of the Palearctic biome of similar nature, the taiga. 

4. Forest and woodland birds. Over one-third of the breeding birds in North America 
live in wooded habitats of diverse nature, that is, in coniferous, mixed and deciduous 
forests, woodlands, and their ecotones. A more refined subdivision of these faunas was 
not practical because there are many species that have a wide habitat preference in 
which often the presence of trees is the only common requirement. 

5. Mediterranean scrub birds. Characteristic birds of the western chaparral, pifion- 
juniper, and related communities, of the eastern pine-oak scrubs in North America, and 
of similar formations such as macchia and mequis in Europe. These birds do not require 
high arboreal vegetation. 

6. Desert birds. This group in North America is solely composed of birds of the 
desert scrub and sage brush, while the closest comparable group in the Palearctic is, as 
a whole, more adapted to the open, xeric habitats of true deserts. 

7. Open grassland birds. Birds of all the open habitats, except those few on the 
alpine meadows, are included within this group. 

8. Montane birds. Inhabitants of alpine meadows, and rocky, alpine or montane 
ledges form a very small group in North America. In Europe, on the other hand, the 
Tibetan fauna of Stegmann (1938) is a substantial element of the Palearctic avifauna, 
with disjunct type of ranges of the constituting species throughout the highest moun- 
tain peaks. 

9. Temperate sea birds. Here belong all pelagic and marine littoral species of the 
temperate Atlantic and Pacific coasts. This group will not be discussed in this paper. 

10. Limnic birds. All aquatic inland species and those of the wet succession zones 
(lakes, ponds, riversides, marshes, meadows, and freshwater littoral habitats) as long 
as the plant community is a member of a hydrosere and the bird does not require the 
presence of trees for its nesting. 


COMPARISON OF THE TWO AVIFAUNAS 


Comparing the North American avifauna with that of Eurasia, we find that slightly 
over one-fourth of the North American species are common to these two continents and 
that 43 per cent of the North American genera also are represented in arctic and tem- 
perate Eurasia (table 5). 
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The portion of the Holarctic passerines in the North American passerine species 
group is only 11 per cent, and even that of the genera common with the Palearctic 
amounts to only 23 per cent. Thus the passerines of the two continents, as was known 
long ago, are much less related than the nonpasserine birds. This situation may be ex- 
plained by the substantial barrier that separated the two continents, which acted selec- 
tively on the dispersal of the passerines (primarily arboreal birds) and the nonpas- 
serines, the majority of which are non-arboreal in North America. We shall see from the 
following discussion that an ecological and distance barrier has indeed been operating 


Table 2 


Analysis of North American Avifauna 


Per cent in 

Per cent Species in common of 

Number of total common with total species 

Habitat group of species avifauna Eurasia in group 

Arctic sea birds 36 5.9 32 86.5 
Tundra birds 48 7.9 36 75.0 
Taiga birds 64 10.6 28 43.8 
Forest and woodland birds 229 37.9 7 34 
Mediterranean scrub birds 22 4.0 ae Ct*é<“‘it‘«é‘ 
Desert scrub birds 29 4.8 pte | ah 
Open grassland birds 32 $3 2 6.2 
Montane birds 6 1.0 1 16.7 
Temperate sea birds 30 5.0 18 62.0 
Limnic birds 90 14.9 23 25.6 
Unanalyzed birds 20 33 11 55.0 


in the case of the montane, grassland, desert and scrub habitats (chiefly populated by 
birds of arboreal origin) and that the composition of the temperate forest fauna also 
indicates the presence of some kind of barrier in the latter part of the Tertiary. The 
nonpasserine avifauna of North American limnic habitats, on the other hand, shows a 
closer relationship with that of the Palearctic. 

We cannot, however, state definitely the nature of such a selective barrier. Recent 
studies in comparative ethology of birds indicate that a barrier may be of intrinsic 
nature. On the one hand, the faculty of dispersal is dependent on the specific degree of 
philopatry, that is, the faithfulness to the previous breeding range. On the other hand, 
students of bird migration realize how important a “psychological” barrier a strange 
habitat (sea or grassland) is for a forest bird even during the routine annual migration. 
Until we obtain a general idea of the scope and importance of these behavior patterns 
in dispersal of passerine and other birds, their role in past distribution cannot be prop- 
erly estimated. 

According to present paleontological knowledge (Wetmore, 1955), a great number 
of the living bird genera had already evolved by early and middle Tertiary, and many 
species, especially of the nonpasserines, are also known from Tertiary fossils. In view 
of the great age of the nonpasserine forms, their dispersal even across water or other 
geographical or ecological barriers has been possible for a long time span. There are very 
few passerine fossils from the earlier part of the Tertiary (Howard, 1950). The assump- 
tion that the evolution of passerines is much more recent than that of the nonpasserine 
orders (Mayr and Amadon, 1951) is supported by the fact that passerines show much 
less interchange of species between North America and the Palearctic area. 

A third possible cause of the discrepancy between the passerine and other bird 
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groups lies in the present apparently high rate of speciation in the passerines. The 
species-genus ratio within North American nonpasserines is 1.8, whereas for the pas- 
serines it is 2.3. The ratio for European nonpasserines is 2.0, for passerines, 2.4. 


ARCTIC SEA BIRDS AND TUNDRA BIRDS 


The similarity of the avifaunas is much the greatest between the two continents in 
the two ecological groups of the arctic. The present arctic habitats are circumpolar, and 
the radius of the Arctic Ocean is quite short, facilitating faunal exchange between the 
continents. Stegmann (1938) assumes that most of the arctic avifauna originated in the 
north of eastern Siberia and western Alaska, that is, in northern Beringia. This view 
agrees with that of Hultén (1937) who studied arctic and boreal plant distribution. 

The main distribution centers of arctic sea birds are the North Atlantic and the 
North Pacific oceans and the Arctic Ocean north of Beringia, hence the high uniformity 
of the faunas on the continents concerned. The tundra was apparently divided into sep- 
arate refuges during the Pliocene and Pleistocene ice ages, some of them lying north and 
others south of the glaciated area (Johansen, 1956). Isolation of these refuges from one 
another would account for many of the differences in species and genera. 


TAIGA BIRDS 


The affinities of the taiga (northern [boreal] coniferous biome) avifauna of North 
America can be expressed in the following figures: out of 40 genera 65 per cent (26) 
are in common with the Palearctic; out of 64 species 60 per cent (38) belong to Hol- 
arctic genera; out of 64 species 45 per cent (29) have a Holarctic range. 

This group of birds includes 16 limnic nonpasserines, birds of the northern bogs, 
11 of which occur in the Palearctic region. Although I did not analyse them further, they 
have been classified here because of the similarity of their range with those of the ma- 
jority of the coniferous forest birds. The similarity is strengthened by the fact that all 
the 16 are widespread across the continent within the biome considered. 

Several of the “taiga genera” have a predominantly western distribution, and their 
range includes the “Canadian” zone of the mountains in the southwest, as in Strix, 
Nucifraga, Zonotrichia. This is easy to understand, if we postulate that large taiga 
refuges could survive warm interglacials in this mountainous area. The majority of the 
dendrophilic taiga species are widespread across North America. Strix nebulosa does not 
reach the eastern limits of the taiga belt, and another six species are markedly western 
in their distribution. On the other hand, there are seven species with an eastern distri- 
bution area. Remarkably enough, these six western and seven eastern taiga birds form 
the bulk of the 15 dendrophilic taiga birds that belong to originally American families, 
namely the Tetraonidae, Parulidae, Tyrannidae, and Icteridae (North American and 
Pan-American elements of Mayr, 1946). 

According to Stegmann (1938) the taiga birds of Holarctic distribution point toward 
affinities through the Bering Strait area. At Tertiary periods, and in the Quaternary, 
when the strait was dry, he postulates a continuous coniferous belt across the inter- 
continental land bridge, which served the dispersal of taiga birds as well. This, or these 
bridges, account for the high number of genera and species common to the Holarctic 
boreal forest. Stegmann shows also that the taiga fauna is richest in eastern Siberia 
which suffered least during the Pleistocene glaciations. There is a gradual impoverish- 
ment of the avifauna toward the west; only 28 of the 55 east Siberian taiga species reach 
the eastern border of Finland. 

It is interesting that only 13 species of the foregoing 55 species reach North America, 
in spite of the much shorter distance from east Siberia, and in spite of the land bridge 
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Table 4 
Analysis of European Avifauna 

Per cent in 

Per cent Species in common of 

Number of total common with total species 

Habitat group of species avifauna North America in group 

Arctic sea birds 20 4.8 20 100.0 
Tundra birds 36 8.6 24 66.7 
Taiga birds 47 11.6 25 53.2 
Forest and woodland birds 105 25.2 7 6.7 
Mediterranean scrub birds 27 6.5 ek (kL memes 
Desert birds 15 3.6 a 
Open grassland birds 25 6.0 2 8.0 
Montane birds 21 5.0 3 14.3 
Temperate sea birds 15 3.6 7 46.7 
Limnic birds 92 22.2 27 29.3 
Unanalyzed birds 13 3.1 8 61.5 


available at times. However, these 13 species are all, without exception, members of the 
group of 23 most widespread taiga species that reach western Scandinavia as well. There- 
fore we have to postulate a long lasting gap in communication between the Palearctic 
and Nearctic taigas, since none of the eastern endemic Siberian species reached Alaska. 
The communication has apparently been resumed only in quite recent time, since, besides 
the widespread Holarctic taiga birds, there is only a small group that got a foothold on 
the opposite side of the Bering Strait. 

Amongst Palearctic birds pioneering North America, Parus cinctus, Luscinia cyane- 
cula, Phylloscopus borealis, Emberiza rustica are the taiga species, while Motacilla alba 
and M. flava are also known from wet and more open communities of this biome. 
Oenanthe oenanthe is ubiquitous while the exclusively tundra nester Anthus cervinus 
seems to be the most recent crosser and is known to nest only at Cape Wales opposite 
Siberia (Bailey, 1948). Only one taiga species is known that successfully crossed the 
strait the other way; this is the Gray-cheeked Thrush (Hylocichla minima) with a 
breeding population in Siberia. Judging from the small ranges on their new continent 
we may assume that at least most of these nine passerines crossed the strait during the 
recent postglacial time without a land bridge. Presumably a land bridge was not neces- 
sary for many an earlier Palearctic immigrant either. 


Table 5 
Relation of Passerine and Nonpasserine Birds in the North American Avifauna 
Genera Species 
Total number of birds 303 605 
North American \ Number of nonpasserine birds 184 331 
avifauna ) Number of passerine birds 119 274 
. Per cent of passerines in total number 39 45 
Total number of birds in common 131 159 
Per cent in common 43 26 
Number of nonpasserine birds in common 100 129 
Avifauna in common to Number of passerine birds in common 31 30 
North America and Per cent of nonpasserines in common of 
Eurasia total number of North American non- 
passerines 54 39 
Per cent of passerines in common of total 


number of North American passerines 26 11 
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Summing up, the present (postglacial) infiltration of Eurasian taiga birds is appar- 
ently far separated in time from the earlier invasion (or invasions), as intermediate 
types of range are not present in North America. The homogeneity of the majority of 
ranges indicates in my opinion that the fauna is much older in North America than the 
recent glaciation. 

On the other hand, it seems that most boreal forest birds of more southern (Amer- 
ican) origin became members of this biome quite recently, probably during Pleistocene 
glaciations that superimposed the taiga belt on refuges of more southern types of forest 
communities. Therefore they were late, or retarded in their spreading, and are still 
limited to the western or eastern parts of the taiga belt, respectively. Detailed ecological 
and speciation studies are needed to reveal how stable their east-west limits are. 


FOREST AND WOODLAND BIRDS 


This large group, 38 per cent of the entire North American avifauna, shows an en- 
tirely different picture, as far as species and genus composition is concerned. The number 
of species that are common to the forest faunas of the old and new world is negligible 
—7 species, making only 3.1 per cent of the total (table 2). Twenty per cent of the 
species belong to genera that are of Holarctic distribution, and the number of these 
genera is also 20 per cent of the total number of forest bird genera. 

These are the numerical facts. They necessitate the drawing of a sharp border be- 
tween the northern coniferous forest biome, and the other forested biomes. The North 
American temperate forest and woodland communities have only some old affinities with 
the old world (Palearctic) avifauna that are expressed mainly on the family and sub- 
family level, as shown by Mayr (1946). 

Knowing that the flora and mammal fauna of the northern temperate, coniferous 
and deciduous forests show far reaching similarities throughout their entire Tertiary 
evolution, we have to look for particular reasons that explain the striking paucity of avi- 
faunal exchange between the northern continents. One possible reason could be the 
extinction of such temperate forest birds as a result of habitat discontinuity during the 
extremes of the glacial epochs. It would be worthwhile to examine the extent of the 
North American biomes during the Pleistocene, as Moreau (1955) did for the Palearctic 
habitats. Dillon (1956) shows that habitat restrictions in North America were consider- 
able during the Wisconsin glaciation, and presumably they were also during the previous 
ones. However, because of the width of the southern, unglaciated part of the continent, 
mass extinction of temperate forest birds at such southern latitudes is not very likely. 

It is therefore not likely that extinction alone could account for the small number of 
common elements. There must have been some kind of barrier that separated the two 
continents at the time when both were covered mainly with a uniform arctotertiary for- 
est. We can clear the ground by first eliminating those barriers which could not have 
been operating. 

Most obviously one may suppose that since middle Tertiary, when a gradual cooling 
of the polar area took place, this climatic barrier hindered the free intercommunication 
of the two northern continents, both in the Bering Strait and in the North Atlantic area. 
This cooling, however, did not mean permanent extermination of the forest in the north. 
It meant in fact the establishment of the taiga belt, consisting of the more adaptable 
(and already adapted) conifers of the northern arctotertiary forest. If this uniform taiga 
belt had persisted for a long time during the close of the Tertiary, its avifauna would 
have had much greater opportunity for interchanges between the two continents. How- 
ever, most of the existing affinities in the taiga, as we have seen, are explainable by 
Quaternary connections during the interglacial periods. In other words, if the Bering 
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Strait area had been a continuous taiga belt for a longer time, excluding by its presence 
the intercommunication of the temperate forests, its ornithofauna would have been much 
more related than it is known to be, both on the generic and the specific level. Therefore 
the assumption of a climatic barrier raises more questions than it would solve. 

We can also exclude distance as a factor hindering animal distribution in this in- 
stance. While the distance between the east Asiatic temperate forest and northwestern 
North America is considerable, the distance between the former and the western Pale- 
arctic is still greater. Yet these two deciduous forest areas of the Palearctic show so 
much similarity in their forest avifauna that the two could be considered as disjunct 
remnants of the common, arctotertiary temperate forests, separated by the Quaternary 
intrusion of the tundra and taiga and the central Asiatic dry belt. The European and 
Chinese forest faunas have 12 common species with continuous range and another 13 
species or subspecies pairs with disjunct ranges. The almost complete lack of similarly 
related birds linking the east Asiatic forest and that of western North America would 
then indicate that the faunal connection between the two had been very remote. 

An assumption that time prevented the mixing of the two faunas cannot stand, if we 
look again at the zoogeographic maps of either the Palearctic area or North America. 
Wherever there is no geographical or ecological barrier, neighboring faunas do mix to 
a great extent during a relatively short period of time. While it is certainly true that 
some species are less dynamic and are slow in their dispersal, the majority show a quick 
adjustment following even minor climatic fluctuations (Kalela, 1949). 

It could also be thought that because of the narrowness of the connecting belt in 
Beringia the two faunas excluded each other by ecological competition, allowing only 
a slight infiltration into empty, vacant niches. We could very easily discard even this 
possibility on the following basis: In a postulated ecological competition of two bal- 
anced faunas, there certainly would be a number of species that were superior to the 
original ones and which would have replaced them in part of their habitat at least. How- 
ever, no such occurrence is known. On the contrary, both areas have a host of vacant 
niches. This is reflected in the fact that life forms that are well evolved in the one are 
lacking in the other of the two faunas. 

As examples of this may be mentioned the muscicapid flycatchers that are exclusively 
hole-breeders in the Palearctic whereas tyrannid flycatchers of the Nearctic are mainly 
open breeders. The hole-breeding swallow species are lacking on the Asiatic side of Berin- 
gia. The small Eurasian kingfisher exploits the minnow and small fry of the creeks, 
whereas the large North American Halcyon utilizes a larger size class of fish prey, yet 
neither one penetrated the empty niche on the other side of Beringia. 

My chief argument is, however, that, if ecological competition be effective for a long 
period between species making the same demand, the result is not likely to be extinction, 
or exclusion from an area, but speciation (Lack, 1949; Mayr, 1949; Udvardy, 1951). 

Climatic, ecological, time, and distance barriers excluded, I can only think of one 
possibility hindering faunal migration across Beringia and that is a water barrier. Large 
bodies of water are not easily crossed by land birds, especially by forest birds of rela- 
tively weak flying ability. The probabilities of crossing them successfully by homoge- 
neous faunas is very slight and is dependent on geological time (Simpson, 1952). Occa- 
sional vagrancy and drifting affords the only chance for resident forest birds. While 
it is certainly true that drifting allowed effective population of oceanic islands, as 
remote as the Galapagos or the Hawaii group, the drift-dispersal established unbalanced 
faunas with great possibilities of subsequent local speciation. Other examples, like the 
avifaunal barriers of water gaps along Wallace’s line (Mayr, 1944), or the failure of 
drift-visitors of the North American avifauna to establish themselves in Europe since 
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the Pleistocene, strengthen the assumption that a water barrier would be an effective 
means of preventing the mixture of temperate forest faunas across Beringia. 

To coordinate this assumption with the known history of the Bering bridge (Simp- 
son, 1947; Axelrod, 1952) is difficult, since, besides Recent times, the period with “de- 
creased intermigration” of mammals are the early Pliocene and the late Oligocene. 

The same argument can be applied for an Atlantic land connection of the two con- 
tinents. The dissimilarity of the forest avifauna alone excludes the existence of an early 
or middle Tertiary land bridge, such as the followers of the continental drift theory 
(Wolfson, 1955) maintain. We have to contend, however, with the assumption that 
Greenland might have been connected with Iceland (Lindroth, 1956, presents new zoo- 
geographical evidence) and the latter certainly has been in land connection with north- 
ern Eurasia as late as the Pleistocene. The lack of species common to the two areas that 
might have used this route during interglacial periods suggests strongly a water gap, or 
water gaps, even in this area. 

Lastly, a consideration is necessary of each of the seven species that occurs through- 
out the temperate forests of Holarctica. Accipiter gentilis, Pica pica, Parus atricapillus, 
Certhia familiaris, and Troglodytes troglodytes occur partly in the taiga belt as well; 
thus their dispersal through the taiga was quite feasible. Hirundo rustica is classified as 
a woodland bird, but it is not dependent on the presence of forest. The only bird that 
in North America is largely dependent on the deciduous woods is Asio otus. In the old 
world, however, it is an inhabitant of woodlands and forest edges of all kind, being a 
nest parasite of the corvids. It occurs in coniferous stands as well, and it also could have 
spread over through coniferous, taiga types of parklands. Thus not a single temperate 
forest dweller is common to all parts of the Holarctic which could not have used the 
taiga as an ecological land-bridge between two otherwise separate temperate forest areas. 

In conclusion, no satisfactory explanation has been found for the fact that the tem- 
perate forest avifauna of North America shows no specific connections with that of 
Eurasia. This circumstance, contrasted with the great similarities in the vegetation of 
the biome, and with its known history, means that either there was a barrier that was 
easily crossed by plants (Chaney, 1947) and mammals (Simpson, 1947) but which was 
insuperable for birds, or that the evolution of forest avifauna on the generic and species 
level happened mainly during relatively recent, Quaternary times, when the existence 
of a climato-ecological barrier was probable. 


SCRUB 


There is some difficulty in separating the avifauna related to the mediterranean type 
of coherent scrub from that of open woodland on the one hand and of desert scrub on 
the other. Therefore the numbers and percentages (tables 2 and 4) should be taken as 
tentative; fortunately this situation does not seem to alter the general conclusion which 
is the same for desert scrub and for the less arid, and more coherent type of scrub. No 
North American species out of the 22 scrub types occurs in the Palearctic avifauna, and 
only three out of 19 genera are shared by the two continents—Falco, Corvus, and, if we 
are to rely on Mayr’s (1946) view, Chamaea. About half of the scrub birds belong to 
genera which primarily, or mainly, are forest inhabitants; there are oniy seven genera 
monotypic in North America which seem to be exclusive inhabitants of scrub. 


DESERT SCRUB 
The avifauna of the sagebrush and desert scrub shows no relations to the xerophil 
avifauna of the Palearctic, neither at the specific nor at the generic levels. The 29 species 
belong to 24 genera; of these, 22 are monotypic genera. Eleven genera are essentially 
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confined to the desert scrub habitat whereas 10 have related species in the woodland, 
and one has relatives in the mediterranean scrub habitat. 

According to the paleobotanical evidence and its evaluation by Axelrod (1950, 1952), 
the chaparral scrub is of middle Tertiary origin, which then occurred under arid local 
conditions within the madrotertiary flora and its northern ecotone. The desert vegeta- 
tion is much more recent, beginning to differentiate at the end of the Cenozoic. 

These facts would suggest that the avifaunal specializations of the mediterranean 
scrub should be older and consequently richer in forms than that of the desert avifauna. 
This is not the case, as the tabulated data show. It seems, however, that the environ- 
mental conditions of the scrub do not necessitate a high degree of specialization. The 
chaparral is often heavily mixed with different kinds of woodlands and combined utiliza- 
tion of the two is also possible by many bird species (Miller, 1951). Hence there is a 
small number of scrub endemics. 

In the desert avifaunal group the number of genera that are “desert specialists’’ is 
not higher than the number of scrub genera. The grouse, dove, cuckoo, owl, nighthawk, 
flycatcher, tit, wren, and thrasher genera are mostly thicket dwellers or ground feeders 
for which nest-sites are provided by the desert scrub. The genus Toxostoma, which has 
been intensively studied by Engels (1940) with respect to structural adaptations, seems 
to show that desert birds are late or recent adaptations of forest genera. There are species 
within this genus, woodland birds, that progress predominantly by flight and feed on the 
ground. The desert species progress mainly by running instead of flying and they scratch 
and dig after food. The species intermediate in their structural and habit adaptations 
live in intermediate habitats. 

Because of the relatively young age of the deserts in North America, we could not 
expect greater adaptations or larger numbers of the desert-adapted birds. It is interest- 
ing to note that environmental physiological experiments on desert birds point also in 
the same direction, since the members of the desert avifauna studied are not specially 
adapted to extremely arid conditions (Bartholomew and Cade, 1956). 

Although this preliminary survey of the avifauna of arid habitats is far from being 
complete without considering the birds of the Mexican and South American desert and 
scrub habitats, this much seems clear, that desert, and even scrub adaptations, are rela- 
tively few, and they represent recent departures from forest (woodland) dwelling types 
of New World origin. I abstain from a comparison with the old world desert scrub fauna, 
because I am not familiar with this habitat in the Palearctic. 


GRASSLAND AND OPEN HABITATS AND THEIR BIRDS 


If we consider the recent extent and uniformity of the North American grassland, 
its avifauna is surprizingly poor. I could only group here 32 species (table 1), some of 
them very recently evolved species pairs (Tympanuchus, Sturnella, some fringillids). 

Two species are in common with the Palearctic, Asio flammeus and Eremophila 
alpestris. Since both are members of the circumpolar Arctic fauna, the assumption of 
their recent arrival on this continent and their spreading here via the Pliocene-Pleisto- 
cene tundra is beyond doubt (Mayr, 1946). Of the 26 genera another four non-passerine 
genera occur in common: Buteo, Falco, Charadrius and Numenius. All these are distrib- 
uted in the Arctic and in arctic ecotones as well. The grassland species might be con- 
vergent adaptations. A fifth genus in common is the mainly tundra-inhabiting passerine 
genus Calcarius. 

The North American endemic grassland birds consist of three grouse, a diurnal and 
a nocturnal bird of prey, two icterids, and a small number of emberizine sparrows. 

If we compare the grassland birds with those of the western Palearctic (table 2) 
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the numerical and percentage ratio is not unfavorable for the New World. There are, 
however, three circumstances that indicate the much greater age of the Eurasian open 
country adaptations: (a) In the western Palearctic (table 2), besides the 25 grassland 
specialists, there is a substantial group of 15 bird species that live in the open desert 
habitat (sandy, stony, and alkali deserts). (b) Both these open-country bird groups are 
still more richly represented in the central part of the Palearctic, which is not analyzed 
here, where the grassland and desert belts are most developed. (c) There are amongst 
the grassland-desert birds of the Old World seven groups (some of them distributed in 
several zoogeographical regions, others restricted to the Palearctic) that are members 
of families that are as a whole adapted to open country. Their existence implies that bird 
evolution under open and xeric conditions has a much older history in Eurasia than in 
the New World, provided extinction in North America of most open country forms has 
not been the case, which is very unlikely. The Otididae, Burhinidae, Glareolidae, Ptero- 
clidae, and Meropidae are the nonpasserine families concerned, whereas the Alaudidae 
and Motacillidae are the two passerine groups. Each of the latter two has an arboreal 
species as well, and it is outside the scope of this paper to decide whether these are 
primitive or reverting forms. 

The open-desert avifaunal group is entirely lacking in North America, and this cir- 
cumstance has to be kept in mind in further biogeographical work of the arid habitats 
of this continent. 

LIMNIC BIRDS 

This fauna is dominated by non-passerine birds. The 78 non-passerine species show 
a high degree of affinity to the limnic bird fauna of the Palearctic. Nearly 30 per cent 
of the species (23 species) are shared by the two regions. Seventy per cent of the genera 
in North America have representatives in the Palearctic as well. Finally, there is only 
one out of the 17 families that does not occur in Eurasia. Many zoogeographers omit 
the treatment of water bird families as unanalyzable elements because of their high de- 
gree of cosmopolitanism. At the present moment I have nothing more to suggest con- 
cerning their distributional history. If, however, we contrast them with the passerine 
inhabitants of the same environment, we find it remarkable that the 12 passerine species 
of North America have no relations whatsoever to the 12 passerines of the limnic habitat 
series of the western Palearctic. The two marsh wrens (Telmatodytes and Cistothorus) 
are members of this group. The Yellow-throat (Geothlypis trichas) is the only warbler 
which is probably justified for inclusion here (Mayr, 1946). Three icterids use the 
marshes for feeding and nesting as well, and finally there are six limnic buntings and 
sparrows. 

The European group consists of a tit, a thrush, a wagtail, a sparrow, and a series of 
eight sylviid warblers. Still more of this latter group occur in the eastern part of the 
Palearctic, which has not yet been analysed. 

I was not able to locate a comprehensive literature that deals adequately with the 
vegetational history of the marshes such as there is for forests, scrub and desert. The 
paleobotanical data available show that the characteristic genera of the marsh vegetation 
(Typha, Scirpus, Phragmites) had already evolved in the late Mesozoic and early Ter- 
tiary (Lamotte, 1952; Gothan and Weyland, 1954). Thus we might assume that the 
marsh habitat as such is at least as old as the angiosperm forest habitat on both con- 
tinents. 

Therefore the circumstance that the small passerine group utilizing marshes has no 
species in common between the New and the Old World poses a problem similar to that 
encountered in analyzing the two temperate avifaunas. The absence of every group on 
the other continent suggests an empty niche. Thus in North America there is an opening 
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for specialized small insectivores feeding on sedge and reed; in the Old World there is a 
niche vacant for the icterid type of marsh nester and feeder and for the swamp sparrows. 
It is also notable, that these limnic passerines are all very recent adaptations to the 
habitat. In many instances the genus is still dendrophilic, and only the species concerned 
is occupying the emergent, weedy or grassy vegetation. 


UNANALYZED GROUP 


Since some members of this group are shared by the Palearctic region and North 
America, we should see whether their distributional and ecological features might add 
something to what we have learned from the groups already discussed. The unanalyzed 
group in common contains, tentatively, the exclusively riparian forms, a few birds spe- 
cialized for rocky habitat, and the true cosmopolitans and ubiquitous birds within the 
temperate and cold regions. Eleven out of 20 species are shared by the two geographic 
areas considered. 

Forms of wide ecological tolerance that presently also inhabit the arctic are Hali- 
aeetus albicilla, Falco peregrinus, Corvus corax, Oenanthe oenanthe, and two species of 
Motacilla. Presence in the Palearctic taiga belt explains the intercontinental distribution 
of Histrionicus histrionicus, Aquila chrysaétos, Pandion haliaetus, and Riparia riparia. 
Thus only one common element of the group remains, Tyto alba, which is cosmopolitan 
in its distribution but avoids the arctic and subarctic habitats. 


CONCLUSIONS AND SUMMARY 


An ecological analysis of the North American and European avifaunas and a com- 
parison of the former with the whole of the Palearctic avifauna has led to the following 
conclusions. 

The passerines of the two continents are much less related on the species and genus 
level than the birds of nonpasserine orders. This might be true for one or all of the fol- 
lowing reasons: (a) The primarily arboreal passerines of the two continents were sepa- 
rated by some substantial barrier, whereas nonpasserines crossed easily. (b) The evo- 
lution of the passerines is much more recent than the evolution of nonpasserine orders. 
(c) Speciation in passerines probably occurred at a much faster rate than that in the 
nonpasserine orders. 

Ten ecological groups were established within both faunas, and eight of the groups 
show similar structure of the avifaunas in similar habitats in the two continents. 

The Palearctic montane fauna consists of numerous species (21 in Europe alone), 
has a disjunct type of range over the high mountain chains, and centers in the highlands 
of central Asia. It has no counterpart in North America. The six species thus classified 
show different familial affinities. 

The avifauna of the Eurasian open desert is also without counterpart in North Amer- 
ica. Its specialized passerine genera and nonpasserine genera and families suggest an 
older history of the desert habitat in the Old World than in North America. 

The affinities in the avifaunas of subboreal and temperate forests are more in accord 
with the Recent and Pleistocene distribution of these habitats than with their earlier 
history which is reflected by botanical and mammalian evidence. The subboreal conifer- 
ous forest belt (taiga) has a great proportion of species and genera that are distributed 
evenly across both North America and Eurasia. The ranges of the peculiarly North 
American elements suggest that they are recently penetrating this habitat. The tem- 
perate forests and woodlands have very few elements common to the two continents. 
Many of these could have filtered through the coniferous forest belt. 

We may for speculative purposes discard the possibilities of a sharp climatic barrier 
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between the arctotertiary forests of Asia and America, of distance and time as combined 
retarding factors in crossing the connecting land bridge, of an ecological barrier formed 
by mutually competitive, balanced avifaunas on both sides of the bridge, and of mass 
extinction of passerine species after their crossing the barrier. But if this is done, we 
have no explanation for the dissimilar avifaunas in the highly similar European-Chinese 
and North American temperate forests that exist now and were present in the latter part 
of the Tértiary. 

The limnic, grassland, desert, desert scrub, and even scrub-type passerines of North 
America are mostly only imperfectly or partly adapted to these habitats and are best 
regarded as recent offshoots of typical arboreal families and genera. 
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FROM FIELD AND STUDY 


Magpie-Jay Robs Mexican Cacique Nests.—On the morning of June 23, 1956, I made the 
following observation on the edge of the small village of Puerto Arista, Chiapas, which is located on 
the Pacific coast of southwestern México. As I entered Puerto Arista on the road leading north to 
Tonala, I heard a commotion in one of the large, bordering trees. Two male Mexican Caciques 
(Cassiculus melanicterus), were attempting to drive a Magpie-Jay (Calocitta formosa), from the 
vicinity of two cacique nests. The two nests, hung about a foot apart, were isolated from the main 
colony, which was located about seventy-five yards away. The jay appeared to be making an attempt 
to land on the globular part of one of the nests. About a minute after my arrival, the jay succeeded 
in perching near the entrance hole of one of the pendant nests. Poking its head into the hole, the jay 
immediately removed one egg, and then it promptly flew out of sight into a nearby grove. I sat down 
to watch for a possible repetition of this action, and about five minutes later, a Magpie-Jay, pre- 
sumably the same bird, returned to the nest area. This bird forced the defending caciques from the 
nest which had not been robbed, and it promptly removed and flew away with a single egg from this 
nest. I waited for an additional half hour, but the jay did not return. 

When the two male caciques were trying to drive away the jay, they displayed threat behavior 
while perched on the adjoining nests. Both males gripped the fibers of the globular portion of the nests, 
held their bodies horizontally, erected their long, black crest plumes fully, and called vigorously. 
When the jay attempted to dislodge one of them, both caciques flew at the jay’s head and attempted 
to strike it with their bills. However, vigorous as their hostile displays were, both caciques were 
intimidated by the persistent and extremely intense threat displays of the Magpie-Jay. The latter 
finally forced one of the males to vacate its perch on the side of one of the nests; from this position, 
the jay repulsed the combined aerial attacks of the two caciques by swift stabbing movements of 
its head and bill. The jay held its body horizontally, the crest fully elevated, and the feathers of 
the head, neck, and back erect. This posture was accompanied by loud, rasping calls. After the jay 
had removed each egg, the two caciques pursued it for about thirty yards, returning in each case 
to the nest area. At no time did any female caciques join in the attacks on the jay. 

The painting by Andrew Jackson Grayson (Condor, 52, 1950:97) shows beautifully the two- 
nest condition described above. If the crest of the male Mexican Cacique, shown in the lower right 
in Grayson’s painting, is visualized as being more erect and the bird’s body is inclined forward, the 
attitudes of the threatening caciques as they directed their attacks toward the jay can be more easily 
understood. 

The fact that the two nests were isolated from the rest of the colony probably contributed to 
their vulnerability to predation by the Magpie-Jay. The exposed nest site and the presence of only 
two of the many males available for defense may have been additional factors in the success of the 
jays—ANbDREW J. Meverriecks, Biological Laboratories, Harvard University, Cambridge, Massa- 
chusetts, July 24, 1957. 


Laughing Gull Takes Fish from Black Skimmer.—Various species of gulls are known to 
take food, usually fish, from other birds such as cormorants, gannets, pelicans, herons, ducks, coots, 
gulls and terns. The methods employed vary and are adapted to the feeding methods of the other 
species. Such parasitism of Black Skimmers (Rynchops nigra) by gulls is hitherto unrecorded so far 
as I know. The following observations were made, through the courtesy of Luther Goldman, on the 
Laguna Atascosa National Wildlife Refuge, Cameron County, Texas, in the summer of 1956. My 
studies during that summer were financed in part by the Mae P. Smith Research Fund of The Ameri- 
can Museum of Natural History. 

Cayo Atascoso, a sluggish, shallow, meandering arm of water south of Laguna Atascosa, affords 
excellent feeding ground for Black Skimmers. On the afternoons of June 28 and 29, when these obser- 
vations were made, the water was muddy and opaque; hence the abundant fish were not visible to 
birds flying overhead, except when they came to the surface. Black Skimmers, Laughing Gulls (Larus 
atricilla), Caspian Terns (Hydroprogne caspia), and Gull-billed Terns (Gelochelidon nilotica) stood 
on a mud bank in the Cayo, while periodically one or several skimmers flew from the bank to skim 
nearby with the lower mandible deeply immersed. Their rates of catch for the two days averaged one 
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fish per fifty seconds of skimming time per bird. Most of the fish caught were about three to four 
inches in length, and the glint of the fish flopping in a skimmer’s bill was undoubtedly visible to the 
gulls on the mud bank from a considerable distance. The skimmers were not able to swallow fish of 
this size immediately and one or more gulls usually flew up and pursued the skimmer upon observing 
a catch. On a number of occasions the gulls did not wait on the mud bank, but one or two of them 
flew a short distance behind a skimming bird, about twelve feet above the water, carefully following 
each change in direction of the skimmer. A gull sometimes followed a skimming bird for several min- 
utes, losing interest only when the skimmer ceased fishing. However, when the latter made a catch, 
the gull flew rapidly toward the skimmer, and other gulls joined the chase. Although the skimmers 
could easily have out-distanced the gulls by flying straight downwind, they were reluctant to leave 
the feeding area, and they usually gained altitude and flew in ever tightening circles, trying at the 
same time to swallow the fish. The pursuit sometimes lasted several minutes, but it ended the moment 
the skimmer swallowed or dropped the fish. The gull which retrieved the falling fish in midair was set 
upon by its fellows, and, after several exchanges, the fish sometimes fell into the murky water and was 
lost. The thwarted skimmer ordinarily resumed skimming, usually followed by a gull. Because of this 
parasitism, the skimmers lost about twenty per cent of the fish they caught. 

I have not observed this phenomenon elsewhere, and it was probably the following combination 
of circumstances which brought it about in this instance: first, the skimmers and gulls were loafing on 
the same mud bank, and the feeding sorties of the skimmers were thus in plain sight of the nearby 
gulls; second, most of the fish were large enough to be conspicuous when carried and too large to be 
swallowed immediately by the skimmer; third, because of the muddiness of the water, the gulls were 
unable to catch fish by their usual methods. 

It is interesting that the Laughing Gulls, given the foregoing circumstances, quickly recognized 
the connection between skimming and fish-catching in the Black Skimmer.—RucwHarp L. Zvust, Univer- 
sity of Michigan Museum of Zoology, Ann Arbor, Michigan, August 9, 1957. 


Sharp-tailed Sparrow and Grasshopper Sparrow in Gunnison County, Colorado.—In 
1953 I listed (Condor, 55, 1953:216) a specimen of the Leconte Sparrow (Passerherbulus caudacutus) 
taken near Gunnison, Colorado, on October 24, 1952. Further study of the skins in the college collec- 
tion has made it evident that this bird is a Sharp-tailed Sparrow (Ammospiza caudacuta nelsoni) in 
rich fall plumage. To the best of my knowledge this is the first record for Colorado. The other speci- 
men of the Leconte Sparrow, mentioned in the same article, taken in May, 1952, is indeed a Leconte 
Sparrow. 

I wish to record also a specimen of an immature male Grasshopper Sparrow taken about one mile 
south of Gunnison on October 15, 1953. Presumably it is Ammodramus savannarum bimaculatus. 
So far as I know this is the first record of this sparrow for western Colorado.—A. Sipney Hype, 
Western State College, Gunnison, Colorado, June 1, 1957. 


Some Recent Bird Records from the Salt River Valley, Central Arizona.—Since the early 
part of 1953, rather extensive field work has been in progress in the Salt River Valley and adjacent 
areas about Phoenix, Maricopa County, Arizona. This has resulted in a number of records which we 
feel should be reported. The field work, for the most part, has been conducted by the writers with 
a great deal of aid from Dr. A. S. Margolin of the Phoenix College Biology Department, Phoenix, 
Arizona, R. Roy Johnson, Peoria, Arizona, and James T. Bialac, Phoenix, Arizona. Collecting was 
made possible through the cooperation of Dr. Margolin. Several records of other observers are included 
with citation of their names. The following records unless otherwise noted comprise the first recorded 
occurrence of the species, or race, for the Salt River Valley. The specimens mentioned are now in the 
Phoenix College collection unless otherwise indicated. 

We wish to express our appreciation to Dr. Allan R. Phillips for racial identifications and sug- 
gestions on the preparation of these notes and to the observers acknowledged in the text. 

Aechmo phorus occidentalis. Western Grebe. A single bird was taken at a pond one mile south and 
two and one-half miles west of Peoria on December 10, 1956. 

Ixobrychus exilis. Least Bittern. On June 25, 1955, a grown juvenile, with both the wings and 
tail still pinfeathers and with down adhering to the nape and posterior parts, was taken at a cattail 
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marsh on the Salt River one mile east of its confluence with the Gila. To date this constitutes the only 
breeding record for Arizona according to Phillips. 

Dendrocygna autumnalis. Black-bellied Tree Duck. A female was taken on June 3, 1956, at a 
pond four miles southwest of Phoenix, and a second bird was seen there two days later. It should be 
noted that Bernard Roer, who operates an aviary in northwest Phoenix, reports that a pair of this 
species escaped from him in 1952. However, the specimen showed no indications of having been a 
captive, and the length of time between the two occasions is considerable. Then, on June 17 and 18, 
1957, four Black-bellied Tree Ducks were seen at a marsh one and one-half miles south and six miles 
west of Peoria by Bialac and the writers. The birds whistled frequently, and the white patch on the 
upper surface of the wing and the reddish bill were observed at close range. To date these are the 
northernmost records of this species in the United States. 

Dendrocygna bicolor. Fulvous Tree Duck. On April 28, 1956, a male was taken from an extremely 
wary flock of six at a pond one mile south and two and one-half miles west of Peoria. ; 

Pluvialis dominica dominica. Golden Plover. On May 15, 1953, a single male was taken at a pond 
one mile south and two and one-half miles west of Peoria. This is the first record of the Golden Plover 
in Arizona. 

Micropalama himantopus. Stilt Sandpiper. A lone female was taken at a marsh one mile south of 
Palo Verde on June 12, 1955. This is the fifth specimen from Arizona (all from this region), and the 
first occurrence this late in spring. 

Sterna hirundo. Common Tern. A female was taken at a pond one mile south and two and one- 
half miles west of Peoria on October 5, 1956. This is the first record for central Arizona. 

Columba fasciata. Band-tailed Pigeon. On November 8, 1953, one was taken on the Johnson farm 
two miles north of Peoria (Phillips collection). To date this is the only record of occurrence of this 
species in the desert lowlands of central Arizona. 

Otus flammeolus. Flammulated Owl. A Flammulated Owl was found dead in northeast Phoenix 
on February 16, 1949, by Carlos Stannard, who gave the bird to Dr. Margolin. It was, in turn, given 
to Phillips, who retained the specimen. To date this is the only winter record of this species for 
Arizona, and it is the second such record for the United States. 

Tyrannus melancholicus occidentalis. Tropical Kingbird. On May 19, 1956, a female was taken 
from a pair at a cottonwood grove on the Salt River two miles east of its confluence with the Verde. 
This is the first evidence of possible breeding of this species north of Tucson. 

Riparia riparia. Bank Swallow. A single Bank Swallow was taken from a large flock of Tree 
Swallows (/ridoprocne bicolor) and Rough-winged Swallows (Stelgidopteryx ruficollis) one mile 
south and two and one-half miles west of Peoria on April 20, 1957. The specimen is in the Bialac 
collection. 

Telmatodytes palustris aestuarinus. Long-billed Marsh Wren. On June 9, 1954, several nests con- 
taining young were found at a marsh grown to Scirpus olneyi one mile south of Palo Verde, and on 
April 28, 1956, a set of three well-incubated eggs was collected. To date this is the only known breed- 
ing locality in Arizona away from the lower Colorado River. Specimens were secured (Phillips col- 
lection). 

Regulus satrapa satrapa. Golden-crowned Kinglet. A single female was taken in a willow-cotton- 
wood stand just above Granite Reef Dam on the Salt River on December 30, 1954. 

Sturnus vulgaris. Starling. On January 9, 1953, a male was taken near Peoria, the first specimen 
from the Salt River Valley, and a second male was collected on September 24, 1953, at Tempe. In the 
summer of 1953, Roer recorded the first nest found in the area in a chinaberry tree at his home in 
northwest Phoenix, but he believes that this nesting attempt was unsuccessful. By the spring of 1955, 
at least, a breeding population had become established, and Johnson recorded a nest found in a cot- 
tonwood on his farm two miles north of Peoria on April 1, and another there on May 3, 1955. Since 
that time Starlings have been recorded nesting in suitable areas throughout the valley. Apparently 
nesting sites are restricted to woodpecker holes, and almost invariably the trees chosen are cotton- 
woods. To show the unbelievable increase in the three to four years of recorded breeding in the Salt 
River Valley, we cite the following record: On the evening of June 5, 1956, at a cattail marsh one 
and one-half miles south and six miles west of Peoria, a single bird was taken from a flock estimated 
to contain 1000 birds, most of which were in juvenal plumage (specimen in Phillips collection). 
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Starlings are now seen throughout the urban areas of the valley, and they commonly associate 
with Red-winged Blackbirds (Agelaius phoeniceus) over irrigated lawns and fields. It will be interest- 
ing to see if they extend their nesting sites to locations other than cottonwoods, as they have in the 
eastern cities, and to determine what effect, if any, their nesting habits will have on the breeding 
population of the Gila Woodpecker (Centurus uropygialis) . 

Sturnella magna lilianae. Eastern Meadowlark. This bird was first recorded in the Salt River 
Valley on December 26, 1955. At this time Phillips saw a flock of approximately 15 with about five 
Western Meadowlarks (Sturnella neglecta) at a marsh one and one-half miles south and six miles west 
of Peoria. On December 29 one was taken here along with one neglecta. Efforts were then made to 
determine the western extension of this bird and on February 4, 1956, one was taken from a flock of 
seven in a field near Arlington. Repeated visits to suitable areas farther west gave no indication of the 
bird’s presence, and it was not again recorded in the area after February 4. Additional specimens were 
secured at Palo Verde. In the following winter (1956-57), no Eastern Meadowlarks were found in 
the valley. 

Cassidix mexicanus nelsoni. Boat-tailed Grackle. On June 15, 1955, a first-year male was taken 
from a eucalyptus tree at a pond one mile south and two and one-half miles west of Peoria. Then on 
June 3, 1956, a female was taken from a group of five males and five females at a willow-cottonwood 
stand on a ranch four miles southwest of Phoenix. The latter specimen is in the Phillips collection. 
This group was watched and by June 17 was seen at nests in a single pecan tree where it fledged at 
least 15 juveniles which were seen on July 30. The following year the birds were back in the same area 
by April 14, where they again nested in the same tree. On May 19, 1957, a set of two fresh eggs was 
collected and four other occupied nests were examined. The closest previous occurrence of this species 
is of a straggling male of the race C. m. monsoni taken at Apache Lake (Dickerman, Condor, 57, 
1955:120-121). 

Hesperiphona vespertina. Evening Grosbeak. A male was taken from a flock of 17 on Decem- 
ber 26, 1955, four and one-half miles north of Litchfield Park by Phillips. The following day two 
females were taken at the same location. These three birds represent the Rocky Mountain race, cur- 
rently listed as H. v. brocksi by the American Ornithologists’ Union Check-list. The specimens are in 
the Phillips collection. 

Carpodacus purpureus. Purple Finch. A female was taken by Phillips four and one-half miles 
north of Litchfield Park on December 26, 1955, and is in his collection. At least one other was heard. 
—James M. Srmpson, Phoenix, Arizona, and JAMES R. WERNER, Goodyear, Arizona, June 17, 1957. 


A New Bird Record for Arizona.—On April 23, 1957, my brother Jim and I located a flock 
of about twenty-five Western Sandpipers (Ereunetes mauri) and six Least Sandpipers (Erolia minu- 
tilla) at Mormon Lake, Pima County, Arizona. Among this flock were two “peeps” with heavier, 
shorter and darker bills and dark legs. We were fortunate in getting a shot at one of them. As we had 
already guessed, it was a Semipalmated Sandpiper (Ereunetes pusillus). 

Mormon Lake is located about three miles north of Sasabe, Arizona, near the Sonoran border. 
As far as I can determine no specimen or sight identification of this species has ever been recorded for 
Arizona or Sonora.—SEyMour H. Levy, Tucson, Arizona, July 12, 1957. 


Notes on the Nesting of Egrets Near San Rafael, California.—On June 16, 1957, a trip 
was made by boat to Little Marin Island, off San Rafael, California, for the purpose of banding in 
the heronry that covers this small privately-owned island. We also wished to investigate the possibility 
of Snowy Egrets nesting there. The heron colony was conservatively estimated at 2000 birds, of which 
approximately 50 per cent were Common Egrets (Casmerodius albus), 20 per cent Snowy Egrets 
(Leucophoyx thula), and 30 per cent Black-crowned Night Herons (Nycticorax nycticorax) . 

This island is now the most northern known nesting station of the Snowy Egret on the coast of 
California (see Grinnell and Miller, Pac. Coast Avif. No. 27, 1944:59). According to a local resi- 
dent, Raymond Rue of Bayside Acres, who has watched the colony grow for many years, this species 
has been in the colony for at least five years. 
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Several differences in the very similar nestlings of the Common and Snowy egrets were observed. 
The top of the toes and the tarsus of the Snowies usually contrasted in color whereas no similar con- 
trast was seen in the Common Egrets; the beak of all the Snowies had some black while no Common 
Egrets observed had any. The location of nests was a great aid in separating the species because the 
Snowies almost invariably placed their nests at heights from ground level to eight or ten feet, whereas 
the Common Egrets’ nests were usually from eight to twenty-five feet up in the trees. 

In spite of the very heavy growth of poison oak on the island, nineteen Snowy Egrets, five Com- 
mon Egrets, and nine Black-crowned Night Herons were banded.—C. JoHN RatpH and CLEMENT L. 
Ratpu, Berkeley, California, July 25, 1957. 


Nesting of a Jacamar in a Termite Nest.—Apart from the fine life history of the jacamar 
Galbula ruficauda melanogenia (Skutch, Auk, 54, 1937:135-146) there is little published information 
available on the nesting of the jacamars (Galbulidae). Most handbooks contain the general statement 
that these birds nest in holes in banks. 

In Surinam I often met jacamars (Galbula dea, Galbula galbula and Galbula leucogastra) in flat 
forest land and I sometimes wondered where they would be able to dig their nest holes. 





Fig. 1. Inside of termite nest showing an almost fully fledged nestling of the 
jacamar Galbula leucogastra; July 21, 1957. 


On July 21, 1957, I noticed a termite nest at the height of about 6 meters in a tree at the edge 
of the forest near Zanderij, Surinam. There was.a hole in it that looked like a woodpecker hole and 
the unmistakable notes of a jacamar were heard nearby. In order to examine the hole I cut the tree 
with my machete and opened the termite nest. In the middle of it was a circular chamber in which 
an almost fully fledged nestling of the jacamar Galbula leucogastra was sitting (fig. 1). The nest 
chamber measured 8X8 cms. and the entryway had a length of 6 cms. The termite nest was inhabited 
by termites but they were not in the nest chamber of the jacamar. The nest chamber and the entry- 
way had a black color that contrasted with the brown color of the termitarium. It would have been 
interesting to watch the reactions of the termites when the birds were digging their nest chamber. 

The nestling Galbula leucogastra is now in the Leiden Museum under my field number 2954.— 
F. Haverscumint, Paramaribo, Surinam, August 25, 1957. 
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NOTES AND NEWS 


The Annual Meeting of the Cooper Ornitholog- 
ical Society will be held at Salt Lake City, Utah, 
April 24 to 27, 1958, under the sponsorship of the 
University of Utah and the Utah Audubon So- 
ciety. Dr. William H. Behle is the Chairman of 
the Local Committee. The first session, devoted 
to the annual business meeting and the presenta- 
tion of scientific papers, will be held on April 25. 


The drawing of Swallow-tailed Kites which ap- 
pears as the frontispiece of this issue is from a 
notebook of unpublished drawings and sketches 
by the late Allan Brooks. These have been made 
available to The Condor through the kindness of 
his son, Allan C. Brooks. 


Robert A. Norris begins a term of service in 
1958 as a member of the Editorial Advisory Com- 
mittee. The editors take this occasion to express 
thanks to past and continuing members of this 
committee for their aid. 


Awards for ornithological research are made in 
April of each year by the Frank M. Chapman 
Memorial Fund Committee of the American Mu- 
seum of Natural History, New York. Applications 
should be received by March 15. 

Awards were made in 1957 for the following 
projects: Walter Bock, Harvard University; The 
taxonomic importance of the pterylography of 
songbirds. Gerald Collier, University of Califor- 
nia at Los Angeles; The ecology of the Common 
Red-winged Blackbird and the Tricolored Red- 
wing. Robert W. Dickerman, University of Min- 
nesota; The systematics of the Song Sparrow in 
México. William G. George, University of Ari- 
zona; The significance of the hyoid bones in 
classifying birds. William J. Hamilton III, Uni- 
versity of California, Berkeley ; The sensory basis 
of migration in the Pintail Duck. Robert H. Mac- 
Arthur, Yale University ; The ecology of the east- 
ern warblers. Roger S. Payne, Cornell University ; 
The auditory responses of owls. Gerald F. van 
Tets, University of British Columbia; The breed- 
ing biology and behavior of three species of Pa- 
cific coast cormorants. 


COOPER SOCIETY MEETINGS 


NORTHERN DIVISION 


OctToBeR.—The monthly meeting of the North- 
ern Division of the Cooper Ornithological Society 


was held on October 3, 1957, at the University oi 
California, Berkeley. The following names were 
proposed for membership: C. John Ralph, 1043 
Merced Avenue, Berkeley 7, Calif., by Howard 
L. Cogswell, and Mrs. Brooke Clyde, 201 Laurel 
St., San Francisco 18, by Alden H. Miller. 

The recently published fifth edition of the 
Check-list of North American Birds of the Ameri- 
can Ornithologists’ Union was exhibited by Alden 
H. Miller. The Flamingos: Their Life History and 
Survival, by Robert P. Allen, was reviewed by 
Loye Miller. 

Donald McLean reported two California Con- 
dors feeding on a dead cow in San Antonio Valley 
near Mount Hamilton on July 15; this point is 
farthest north of those reported in recent years. 

“Variations in the Awakening Times of Some 
Michigan Birds” was the subject of speaker 
George F. Fisler of the Museum of Vertebrate 
Zoology.—A. LAURENCE Curt, Secretary pro tem. 


NOvEMBER.—The monthly meeting of the 
Northern Division of the’ Cooper Ornithological 
Society was held on November 7, 1957, at the 
University of California, Berkeley. The following 
were proposed for membership: E. W. Jameson, 
Jr., Dept. Zoology, University of California, 
Davis, Calif., Herbert J. Dengler, 219 Wyndham 
Drive, Woodside, Calif., and Milton W. Weller, 
Iowa State College, Ames, Iowa. 

Florence Plynell reported the presence of a fe- 
male or immature male American Redstart in 
Golden Gate Park, San Francisco, on October 26. 
Don McLean reported two Tropical Kingbirds at 
Steele Ranch near Affo Nuevo Point, San Mateo 
County, on October 10; and on October 28 and 29 
two were seen in the town of Bodega Bay, Sono- 
ma County, by him and William H. Thomson. In 
October, McLean also saw a male Harlequin Duck 
on the Sacramento River between Courtland and 
Hood, the first record of this species known to the 
observer for the area between its breeding grounds 
in the Sierra Nevada and the winter range along 
the coast. 

Mrs. Kelly reported Red-breasted Nuthatches 
carrying the winged seeds of Monterey pines to 
tree trunks where they stored them. 

Mr. William J. Hamilton III gave an illustrated 
talk on “Territoriality Among Pectoral Sandpip- 
ers in Fall Migration,” based on observations in 
July and August at Delta, Manitoba—H. L. 
CocswELL, Secretary pro tem. 





For Sale, Exchange, and Want Column—Each member of the Cooper Society is entitled to one 
short advertising notice in any issue of the Condor free. Notices of over 3 lines will be charged for 
at the rate of 25 cents per line. Send advertising copy to Jack C. von Bloeker, Jr., Los Angeles 
City College, 855 N. Vermont Ave., Los Angeles 29, California. 


Wantep—Fourth (1931) Edition of A.O.U. Check-list of North American Birds. Please state 
price and condition —ALtan R. Pururres, 113 N. Olive Road, Tucson, Ariz. 


For SateE—The Oologist, R. M. Barnes, editor, 261 numbers between vols. 6 and 37, $7.50; Bulk 
mixed separates, hundreds of titles by prominent authors, Birds or Mammals, 15-pound package, $6.00; 
Forest Trees of North America exclusive of Mexico, Sargent, $7.50; Report on Birds of Channel 
Islands, Calif., Grinnell, $1.00; Birds of Los Angeles Co., Calif., Grinnell, $1.00; Faunal Areas of 
Southern Arizona, Swarth, $1.50; Birds of Colorado, Cooke, $1.00; Ornithology of McLennan Co., 
Texas, Strecker, $1.00; Critical Notes on Middle American Birds, van Rossem, $1.00; postage extra 
on all items.—Laurence M. Huey, Natural History Museum, Balboa Park, San Diego 1, Calif. 


Birp Watcuinc Tours or Mexico—“We saw four species of motmots, three species of toucans, 
four species of trogons and seven species of parrots and parakeets, plus 277 other kinds of birds, on 
one 13-day tour of our second series of Mexican tours last spring.” Write for circular about the 1958 
tours.—Ernest P. Epwarps, Houston Museum of Natural History, Box 8175, Houston 4, Texas. 

For Sate—The “Tiny Tucker” Hummingbird Feeder, with instructions for use, $1.15, postpaid. 
An ideal Christmas gift for bird-lovers. Profits from sales are used in maintaining this wildlife sanc- 
tuary—TuckeEr Birp Sanctuary, Box 53, Star Route, Modjeska Canyon, Orange, Calif. 

Wantep—Sets of those forms of Honey Creeper (Cyanerpes cyaneus) which lay “black” eggs; 
1931 A.O.U. Check-list; and correspondence with oologists familiar with the Mearns Quail, White- 
tailed Ptarmigan, Common Sandhill Crane, Yuma Rail, Frazrr Oystercatcher, Gray Jay, Pink-sided 
Junco, and Harris Sparrow.—Donatp J. Nicnotson, 1224 Palmer St., Orlando, Fla. 

For Sate—An Annotated Bibliography of North Dakota Ornithology, paper cover, $1.00, post-- 
paid.—Witi1aM F. Rapp, Jr., 430 Ivy Ave., Crete, Nebr. 

For SaALE—Japanese “mist” nets, suitable for capturing birds and bats alive and unharmed for 
banding purposes. Send for price list —Wit1t1am B. Davis, Box 254 Faculty Exchange, College Station, 
Texas. 

Free—Thorne, Differences between the Common House Finch and Cassin Purple Finch of the 
Genus Carpodacus (Bull. No. 3), and A Solenoid Mechanism for Springing Bird Traps (Bull. No. 4). 
—OAKLEIGH THorNE, II, Thorne Ecological Research Station, 1707 Hillside Rd., Boulder, Colo. 

Wantep—Adult male Peregrine Falcon scientific study skin and mounted specimen. Any reason- 
able price will be paid for these two specimens in good condition for use at our institution —Hznry 
E. Cups, Jr., Cerritos College, Norwalk, Calif. 

For SaLE—Separate issues and complete volumes of W.B.B.A. News from Bird-Banders available 
at reasonable prices. Write for list of available issues and prices—-EMeErson A. STonER, Western Bird- 
Banding Association, 285 East L St., Benicia, Calif. 

For Sate—“Birds of the World on Stamps,” by Sidney R. Esten, 159 illustrations, 35 pp., listing 
over 8000 stamps showing birds and giving their scientific classification and common names, $2.00, 
postpaid——American Topicat AssociATION, 3306 N. 50th St., Milwaukee 16, Wis. 

WantEep—Continuously wanted and exchanged: Embryos, young in pipped shells, or just-hatched 
specimens, alcohol preserved, of any identified avian species—Davi K. WETHERBEE, Dept. Biology, 
Fisk University, Nashville 8, Tenn. 

Free—The British Columbia Nest Records Scheme offers free nest record cards to anybody who 
wants to contribute with field observations to this project which extends throughout the whole of the 
Pacific Coast Region and was recently outlined in The Condor (vol. 59, 1957:308). The cards, pocket 
size (4”< 6”), can be obtained on request from B. C. Nest Recorps ScHEME, Department of Zoology, 
University of British Columbia, Vancouver 8, B.C. 





PRICE LIST OF PUBLICATIONS ISSUED BY THE 
COOPER ORNITHOLOGICAL SOCIETY 


January 1, 1958 


In issuing this new list we have endeavored to price the items as low as is consistent with our 
limited editions and in accordance with a recent inventory. Many of our publications are now depleted 
and some entirely sold out. All publications are sent postpaid anywhere in the United States; for sales 
in California please add 4% sales tax on all items except the Condor journal. 

We are continually acquiring old publications of the Society and at times can supply complete 


files. Send us your want list. 
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each volume - - - - $8.00 
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issues complete, each volume - - } 
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No. 13, 1919 Second Ten Year Index to The Cute, 
volumes XI-XX (1909-1918); 92 pp. - - - $4.00 
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a 14, 1921 The Birds of Montana; 194 PP.» 35 illus- 
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No. 15, 1923 Birds Recorded from the Santa Rita Moun- 
tains in Sou thern Arizona; 60 pp., 4 illustrations. $ .50 
By FLorence ‘Merriam BAILEY 


No. 16, 1924 Bibliography of California Ornithology; 2nd 
Installment; 191 PP. - - $4.00 
By J. Gamma 


No. 17, 1925 A Distributional List of the Birds of British 
Columbia; i PP-» colored frontispiece jiece and map, 26 
maps, 12 ills. 2.00 
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No. 18, 1927 piarton & to the Bird-life of the San Fran- 
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21 illustrations $1 PO6 
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No. 20, 1931 Third Ten Year Index to The Condor, vol- 
umes XXI-XXX Cig asteee) 152 pp. - - - $4.00 
By G. Wrtett 


No. 21, 1933 Revised List of the Birds of Southwestern 
California; 204 pp. - : $2.00 
By G. Wuxerr 


~ 1934 Birds of Nunivak Island, Alaska; 
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$1.00 


” By H. s. SwartH 


No. 23, 1936 The Birds of Nevada; 145 pp. - - $2.50 
(With all orders for No. 23, we Lawes supplement.) 
By Jean M. ” LINSDALE 


No. 24, 1936 The Birds of the Charleston Mountains, 
Nevada; 65 pp., 13 illustrations - - - - $1. 
By A. J. van Rosszm 


No. 25, 1937 The Natural History of Magpies; 234 pp. 
colored frontispiece. Bound in paper covers - $4.00 
By Jzan M. LrnspDALe 


No. 26, 1939 Bibliography of California Ornithology; 3rd 
Installment; 235 pp. - - $4 4.00 
By Joserx Game 


No. 27, 1944 The Distribution of the Birds of California; 
608 pp., 57 distributional maps, colored frontispiece. 
Bound in paper covers - - - - = = = 
Bound in strong buckram - “2. $00 

By Joszerpn GrinNELL and ALDEN i. Mrz 


No. 28, 1947 Fourth Ten Year Index to The Condor, 
volumes XXXI-XL (1929-1938); 153 pp. 
Bound with paper covers - - - - - = « .00 
Bound in strong buckram - - - - $5.00 
By Joun McB. Rosertson 


No. 29, 1950 Distributional Check-list of the Birds of 
Mexico, Part I; 202 PP.» two colored plates. Bound with 
paper covers - - - - - 2 = = + $4.00 


No. 30, 1951 Fifth Ten Year Index to The Condor, 
volumes 41-50 (1939-1948); 117 PP. 
Bound with paper covers- - - 
Bound in strong buckram - - $00 
By Jean M. LinspALE 


No. 31, 1954 Life , saianorten of Central American Birds, 
Families Fringillidae to Coerebidae; “8 PP. 
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Sean in strong buckram - - - - 19:00 
By ALEXANDER F, SxutcH 
ie, 32, 1957 Birds of Pine-oak Woodland in Southern 
Arizona and Adjacent México; 125 PP. 
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